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ABSTRACT
Previous studies of the Bahamas have established the Lucayan Limestone as the 
major Pliocene-Pleistocene lithostratigraphic unit on the Great Bahama Bank and on the 
northwestern part of Little Bahama Bank (Grand Bahama Island). The Lucayan Limestone 
averages 40 meters (131.24 feet) in thickness on Great Bahama Bank and 18 to 20 meters 
(59.95 to 65.62 feet) on Little Bahama Bank. It overlies an unnamed pre-Lucayan skeletal 
wackestone to packstone. The base of the Lucayan is marked by a rapid lithologic change 
from a skeletal to a nonskeletal unit and disappearance of a coral and molluscan species. 
Based on a magnetostratigraphic framework correlated to the biostratigraphic framework 
established by previous investigations, the age of the base of the Lucayan is thought to be 
approximately 2.5 to 2.6 million years (upper late Pliocene).
Petrographic and sedimentologic analyses of eleven shallow subsurface cores (3 to 
19 meters in length) from the Lucayan Limestone where it occurs along northeastern Great 
Abaco Island (Little Bahama Bank) are used to delineate five carbonate lithofacies. Many 
of the lithofacies described resemble those identified in the modern sediments of the 
windward lagoon of Grand Bahama Bank. The most prevalent lithofacies is a mottled, 
nonskeletal, peloidal packstone to grainstone. Other lithofacies include a rudstone, a 
laminated nonskeletal grainstone, a crossbedded grainstone and a mudstone-wackestone.
Cementation varies from poor to very well cemented core intervals. Cements 
observed included equant granular, equant blocky, drusy, meniscus, and needle fiber 
"whisker" cements. These cements reflect a variety of diagenetic environments such as the 
vadose, meteoric, and phreatic zones. Due to overprinting of cement types by episodes of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
subaerial exposure, it is not possible to use the cement types to define past sea level 
positions. However, the cement types occurring within the Lucayan Limestone on Great 
Abaco Island indicate periods of subaerial exposure that may have been a result of sea level 
fluctuations. Past sea level fluctuations may have influenced the type of sediment deposition 
and enhanced the cementation of some Lucayan lithofacies. A few subaerial exposure 
horizons which formed at a low sea level stand were identified based on characteristic 
features of this type of diagenesis.
Based on similar lithology and sedimentary sequences, the near surface carbonates 
of northeastern Great Abaco Island can be correlated with the upper Lucayan Limestone 
found on Little Bahama Bank, northwestern Great Bahama Bank and in the southeastern 
Bahamas.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
We should be careful to get out of an experience only the wisdom that is in it - and 
stop there; lest we be like the cat that sits down on a hot stove-Iid. She will never 
sit down on a hot stove-lid again - and that is well; but also she will never sit down 
on a cold one anymore.
Mark Twain
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CHAPTER 1: INTRODUCTION
1.0 Introduction
Many of the basic concepts of shallow carbonate sedimentology have been developed 
based on studies of the unconsolidated Holocene sediments which presently form a surficial 
layer on the Bahama platform (Illing, 1954; Newell and Rigby, 1957; Newell e t al., 1959; 
Purdy, 1963; and Storr, 1964; Boardman and Neumann, 1984; Ragan and Smosna, 1987). 
Studies of the Holocene sediments have increased the geologic understanding of the 
formation and diagenesis of shallow carbonate sediments. These studies have also 
documented the types and distribution of grains on the Bahama platform.
Since the early 1960’s, there has been a trend for most carbonate studies in the 
Bahamas to focus on the unconsolidated Holocene sediments rather than the consolidated 
Pleistocene limestones for several reasons (Bathurst, 1971). First, the unconsolidated 
Holocene sediments are more accessible than the consolidated Pleistocene limestones. 
Second, drilling equipment and techniques of the 1960 to 1980’s made it difficult to 
successfully drill into the Pleistocene limestones and the poor recovery of the upper portion 
of these units when using the available drilling equipment discouraged research efforts. 
Last, the unconsolidated state of Holocene sediments have been more applicable to the 
early descriptive studies on grain size distribution, grain type, and facies sediment 
composition.
Until 1980, very few studies had examined the uppermost Pleistocene limestone 
underlying the Holocene sediments (Supko, 1970; Beach and Ginsburg, 1980; Beach, 1982;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2Pierson, 1982; and Williams, 1985). In 1980, the uppermost consolidated limestone on 
northwestern G reat Bahama Bank (NWGBB) was delineated as the major lithostratigraphic 
unit of the Bahamas and named the Lucayan Limestone by Beach and Ginsburg (1980). 
Since then, the Lucayan Limestone has been found in the southeastern Bahamas (Pierson, 
1982) and in northwestern Little Bahama Bank (Williams, 1985). These studies have 
described the general characteristics of the formation as part o f the initial definition of the 
Lucayan Limestone.
On the G reat Bahama Bank, along the eastern margin of the platform the upper 
Lucayan Limestone is interpreted as having been deposited in a windward lagoon setting 
similar to the existing modern day environment (Beach and Ginsburg, 1980; Beach, 1982). 
The windward lagoon setting is characterized by rapid lateral and vertical lithologic 
variations along the bank margin. Understanding the rapid lithologic variations of this 
environment is important for attempts to interpret the lateral facies in ancient windward 
lagoon deposits. Also, these rapid variations demonstrate the necessity to exercise caution 
in interpreting similar carbonate settings to avoid misinterpreting these facies changes.
The present study documents a detailed lithofacies analysis of the upper portion of 
the Lucayan Limestone using drill cores obtained from G reat Abaco Island. Up to 19 
meters of the Lucayan Formation was penetrated by the cores analyzed during this study; 
almost its maximum reported thickness for Little Bahama Bank. Early diagenetic processes 
have lithified these shallow sediments, thus the upper portion of the Lucayan Limestone 
represents a sedimentary record influenced by the transitional processes responsible for 
early lithification of carbonate sediments. The upper portion of the Lucayan Limestone 
provides an example of an intermediate stage of lithification which is present in both 
modern and ancient carbonate deposits.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3Previous studies have described the fundamental characteristics of the Lucayan 
Limestone and have developed evolutionary facies models for two major depositional 
episodes (Beach, 1982). The present study enhances the already developed evolutionary 
facies model for the final depositional episode by documenting a m ore detailed 
sedimentologic and petrologic analysis of the windward margin setting of the  Lucayan 
Limestone.
1.1 Purpose of the Present Study
The purpose of this study is to describe the lithology of cores collected from Great 
Abaco Island, to delineate lithofacies within each core and to interpret the depositional 
environment of the lithofacies delineated. Lithofacies delineated were compared to a 
depositional model developed for northwestern Grand Bahama Bank (Beach, 1982).
The objectives of this study are:
1. To describe, delineate, and document the lithostratigraphy of the upper 19
m of the Lucayan Limestone within the study area (Figure 1);
2. To interpret the depositional environments of each lithofacies;
3. To determine the lateral and vertical variation of the lithofacies within the 
study area;
4. To develop a depositional model which explains the evolution of the
lithofacies of the windward lagoon and that fits within the general 
lithostratigraphic framework and depositional model previously developed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1. Location map illustrating the study area location and geographic features of the 
Bahama Platform.
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5for the Lucayan Limestone on northwestern Great Bahama Bank by Beach 
and Ginsburg (1980);
5. To document the general cement types observed within each lithofacies; and
6. To address problems with interpretation of depositional environments 
affected by diagenetic alteration.
Knowledge and information gained through the attainment of each of these 
objectives contributes to our understanding o f the origin, occurrence, and evolution of 
carbonate lithofacies and their early diagenesis. The lithologic and diagenetic characteristics 
documented by this study can be used in refining models of similar deposits elsewhere.
12 Location of Study Area
G reat Abaco Island is the easternmost island of Little Bahama Bank (Figure 1). 
Eleven cores drilled as part of a previous study (H. J. Werner, personal communication, 
1987) across the windward lagoon were selected for the present study. Selection of cores 
for analysis was based on the core location and recovery. These cores form an 
approximately 14 kilometer northeast-southwest transect (A-A’) from Treasure Cay to 
Chubb Rocks (Figure 2). Multiple cores were collected at locations one, two, three, and five 
within one hundred yards of one another.
13 Subsurface Studies
Since 1933, there have been five studies of the subsurface Cenozoic limestones in 
the Bahama Islands (Figure 3). One of the first studies to examine subsurface cores in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 2. Core location map showing the Northeast-Southwest Transect A-A’ of cores 
across a portion of northeastern Great Abaco Island’s windward lagoon. Lengths are total 
penetration from the surface which ranged from one to two meters above sea level to one 
to two meters below sea level. Areas outlined by jagged line seaward of the cays are reefs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. Study Area Locations of previous shallow subsurface studies in the Bahamas. 
Denoted by number as follows:
1. Williams, 1985
2. Beach and Ginsburg, 1980; Beach, 1982
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8Bahamas was the study conducted by Field and Hess (1933). They described the porous, 
cavernous nature of subsurface limestones based on examination of a 120 m eter deep core 
(118.6 m eter below MSL) from New Providence Island. They described a sudden change 
from limestone to massive dolomite at approximately 42 m depth (below MSL). In 1957, 
Newell and Rigby cited an unpublished report by Field and Hess on the New Providence 
Island core and reported that oolitic grains were common to a depth of 11 m (below MSL) 
and that corals were common from 38 m depth and deeper.
Supko’s (1970) study of the shallow subsurface limestones and their diagenesis was 
one of the first to document the general stratigraphy of the Cenozoic Bahamian limestones. 
Supko described features similar to those previously described by Field and Hess (1933). 
Supko also noted a similar change from limestone to dolomite at approximately 35.5 m 
depth (below MSL) which continued to a depth of 150 m where there was a change to 
limestone to the core bottom of 168 m below MSL. Supko also noted a similar prevalence 
of oolitic grains in the upper seven m of core. Corals were noted to be common below a 
depth of 40 m but uncommon above that depth.
A fundamental stratigraphic framework for the Cenozoic limestones based on 
previous studies indicates deposition changed at approximately the Pliocene-Pleistocene 
boundary from predominantly skeletal limestone (pre-Lucayan) to nonskeletal (Lucayan) 
limestones (Beach, 1982). Beach and Ginsburg (1980) also observed the disappearance of 
a coral species at this same interval and used these events to mark the base of the 
formation. Studies conducted since 1980 (Beach and Ginsburg, 1980; Beach, 1982; Pierson, 
1982; and Williams, 1985) have defined and documented the distribution and 
lithostratigraphy of the upper portion of the subsurface limestones. Williams (1985) 
established a molluscan based biostratigraphic framework on Little Bahama Bank which he
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9was able to extend to northwestern G reat Bahama Bank and to the southeastern Bahamas 
based on evaluation of cores from Beach and Ginsburg’s (1980) and Pierson’s (1982) 
investigations. This framework has since been refined by a magnetostratagraphic study 
(McNeill, et al., 1988) which dates the lithologic change and the disappearance of coral 
species and molluscan species to approximately 2.5 to 2.6 Ma. The upper nonskeletal 
portion of the subsurface limestones have been assigned to the Pliocene-Pleistocene Lucayan 
Limestone by Beach and Ginsburg (1980; Beach, 1982) on northwestern G reat Bahama 
Bank, in the southeastern Bahamas by Pierson (1982), and in northwestern Little Bahama 
Bank by Williams (1985). A  summary of the work by Beach (1982), Beach and Ginsburg 
(1980) and Williams (1985) is presented in a separate section following this one.
Pierson (1982) conducted the second major study on the Lucayan Limestone. His 
study focused on several small banks in the southeastern Bahamas and established the 
occurrence of the Lucayan Limestone in that area. Pierson also established a similar 
frequency of exposure horizons as that established by Beach (1982) on northwestern Great 
Bahama Bank. Pierson, like Beach, noted the disappearance of the coral, Stvlophora sp., 
and discovered that, similar to Great Bahama Bank, the disappearance of Stvlophora sp., 
the increased frequency of subaerial exposure horizons, and the base of the Lucayan 
Limestone coincided at the same depth in each bank studied. Because the thickness of the 
Lucayan Limestone varied for each bank, Pierson suggested that subsidence rates for 
individual banks differed.
The observations made during Beach and Ginsburg’s (1980), Beach’s (1982) and 
Pierson’s (1982) studies inspired Williams (1985) to investigate the occurrence of the 
Lucayan Limestone on Little Bahama Bank. Williams’ (1985) was one of the first studies 
in which subsurface cores from the northern portion of Little Bahama Bank were examined.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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A  series of four cores ranging from 76 to 95 m deep were collected from Grand Bahama 
Island, Sal Cay and Walker’s Cay.
Williams (1985) developed the Bowden-equivalent-assemblage (BEA) biostratigraphic 
framework, a  distinctive and datable molluscan assemblage, for the Lucayan Formation on 
Little Bahama Bank. The change from nonskeletal (Lucayan) to skeletal (pre-Lucayan) 
limestone as well as the disappearance of coral and molluscan species observed by Williams 
(1985) was at 18 m depth. Williams (1985) was able to establish that the lithologic and 
biostratigraphic changes occurred at 18 to 20 m across Little Bahama Bank by studying 
cores retrieved by previous investigations throughout Little Bahama Bank. Thus, the 
Lucayan Limestone on Little Bahama Bank is represented by 18 to 20 m of limestone 
whereas on G reat Bahama Bank the Lucayan is represented by 40 m of limestone. A 
change from limestone to dolomite was noted to occur at depths ranging from 7 to 11 m on 
the northern portion of Grand Bahama Island and from depths of 40 to 50 m in Sal Cay and 
Walker’s Cay. Williams also noted that cores form Sal Cay and Walker’s Cay recorded 
fewer subaerial exposure horizons than recognized by Beach and Ginsburg (1980). He 
attributed this to erosion of the horizons in the higher energy environments of the bank 
margin. Also, the fact that the Lucayan is represented on Little Bahama Bank by deposits 
approximately half as thick as those of Great Bahama Bank. Williams (1985) concluded that 
a deposit of two m eters overlying a subaerial exposure horizon on Little Bahama Bank could 
easily be eroded by a three m eter drop in sea level. But the equivalent deposit on Great 
Bahama Bank would be four m eter thick and the subaerial exposure horizon would be 
preserved along with an additional one meter deposit. Williams (1985) concluded that 
subaerial exposure horizons were always overlain by molluscan lag deposits and that where 
the subaerial exposure horizon was absent that the molluscan lag deposit could be used as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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an approximate m arker of the subaerial exposure horizon. Williams (1985) observed 
molluscan lag deposits in W alker’s Cay and Sal Cay at 11.9 and 12.4 m. These deposits may 
correlate to other subaerial exposure horizons in Little Bahama Bank.
Two shallow uniboom seismic lines (P20 and P21) on Great Abaco Island acquired 
by Locker (1980) are approximately parallel to the core transect of the present study (Figure 
4). The interpretations of the seismic lines suggest that the boundary between the 
unconsolidated Holocene sediments (H I) and the consolidated Pleistocene sediments (PI 
and P2) is a slightly irregular karstic surface (Figure 5). A  seismic reflector occurs at 
approximately 12 m depth between units PI and P2. Locker suggests this boundary may be 
an unconformable surface, possibly a karst horizon. Based on seismic data alone, Locker 
divided the subsurface Pleistocene limestone into two units (P I and P2) separated by a 
seismic reflector at approximately 12 m depth (MSL) (Figure 5). This general seismic 
stratigraphy for the windward lagoon can now be refined with the sedimentologic/petrologic 
data of the present study.
1.4 The Lucavan Limestone
The upper boundary of the Lucayan Limestone forms the present day surface of 
most Bahamian Islands except where it is covered by a thin veneer of unconsolidated 
Holocene sediments which are thicker in submerged areas. The definition of the lower 
boundary of the Lucayan Limestone is restricted on Great Bahama Bank to deposits of the 
interior of the Bank and does not include coral and coralline algal limestone units which 
occur along the margin. The lower boundary is marked by a lithologic change from a white 
skeletal, pre-Lucayan, unnamed limestone with abundant corals and bivalves to a sparsely 
cemented nonskeletal limestone of the Lucayan (Beach and Ginsburg, 1980; Beach, 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 4. Location map for seismic lines P20 and P21 which are approximately parallel to 
transect of cores used in the present study (from Locker, 1980).
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Figure 5. Seismic stratigraphy for Abaco Island windward lagoon based on interpretation 
of uniboom seismic lines P20 and P21 (Locker, 1980). Units PI and P2 are the Lucayan 
Formation.
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A  lower boundary was not established for the windward margins where the Lucayan 
Formation is predominately skeletal.
The Lucayan Limestone, as described by Beach and Ginsburg (1980), consists 
predominantly of packstones but the texture ranges from mudstones to grainstones (Figure 
6). Peloids are the most abundant nonskeletal grain type present although the upper ten 
m eters of the Lucayan Limestone along the platform margins are predominantly oolitic with 
local intervals of coral and coralline algae. Most of the unit has a mottled appearance due 
to irregular cementation; however, planar and crossbedded intervals are common along the 
margins of northwestern Great Bahama Bank.
The Lucayan Limestone is dated as late Pliocene-Pleistocene based on the 
disappearance of the coral Stvlophora sp. (Beach and Ginsburg, 1980; Beach, 1982). The 
uppermost range of Stvlophora sp. in the western Atlantic is through the upper Pliocene 
(Beach and Ginsburg, 1980). Throughout the West Indies, Stvlophora sp. has been noted 
to occur in limestones ranging in age from Eocene up to late Pliocene. Formations 
equivalent in age to the Lucayan exhibit similar features such as the subaerially exposed 
horizons noted to occur in the Miami Limestone of southern Florida (Hoffmeister et al., 
1967) (Table 1). The type section for the Lucayan Limestone consists of a composite of 
limestones from two drill core borings collected during the Beach and Ginsburg (1980) study 
on northwestern Great Bahama Bank.
13 The Approach of the Present Study
Documenting the sedimentology and lithostratigraphy of the limestone cores from 
Great Abaco Island consisted of several steps. First, the cores were logged by examination 
of core halves under a binocular microscope. Thin sections made from selected core
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 6. Index map of core location and lithostratigraphy of the Lucayan Limestone on 
northwestern Great Bahama Bank (Beach, 1982).
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TABLE 1
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intervals during a previous research project were petrographically analyzed. The resulting 
descriptions were combined with the core log descriptions. Second, five lithofacies were 
delineated based on lithologic and sedimentary features and depositional environments were 
interpreted. Finally, the cement types observed within each lithofacies were documented 
based on petrographic analysis. The degree and type of cementation was used to discuss the 
extent to which processes may have obscured characteristics of the depositional 
environments.




Eleven shallow subsurface cores from the windward lagoon of northeastern Great 
Abaco Island were used for the present sedimentologic/stratigraphic study (Figure 2). 
These cores were 2.54 cm (one inch) in diam eter and boxed in 1.83 m eter (five foot) 
increments, which was the core barrel length. The longest core penetrated to 18.6 m below 
mean sea level (MSL) (Table 2). After removal from the core barrel, the depth was marked 
in 0.3 to 1.8 m (1 to 5 foot) increments depending on recovery. Core recovery of the 
Lucayan is poor, especially for the uppermost units which consist of friable, cavernous 
limestones. Average core recovery varied from a high of 99 percent in core GC1 for well- 
cemented carbonates to a low of 5 percent in core Q2 for very friable, poorly cemented 
carbonates (Appendix A). Core recovery per foot for individual cores was calculated 
(Appendix A). Overall recovery averaged 40 percent. Thus, depth accuracy varied with 
recovery but depths were always well within 1.83 m (5 feet) due to the limitations of the 
core barrel.
2.1 Core Description and Core Logging
Cores were sawed in half lengthwise at the University of Pittsburgh. Thin sections 
were made from all cores drilled during a research project conducted at Old Dominion 
University (Darby, verbal communication). The depths of 34 thin sections made from ten 
of the eleven cores selected for the present study are shown on core logs in Appendix A.
















*Location number from Figure 2
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Locations for thin sections were selected where changes in lithology occurred and within 
lithofacies for descriptive purposes.
Using a binocular microscope, core segments were logged and described based on 
their constituent grain types, color, degree of lithification, and sedimentary structures. The 
core segments were classified according to Embry and Klovan’s (1971) amplification of 
Dunham’s (1962) classification of limestones and grouped into individual lithofacies. Thin 
sections were analyzed using a petrographic microscope and these descriptions were 
integrated with the more general hand specimen descriptions to produce a single description 
representative of each lithofacies. During analysis of thin sections, cement types (i.e., 
equant granular spar, equant blocky spar, meniscus, drusy, and needle fiber "whisker" 
cements) were observed and noted as to their location within the core. For each thin 
section, a check list of lithologic features, sedimentary structures, and diagenetic cement 
types was used to insure consistent evaluation of each thin section. Descriptions for each 
thin section are provided on the appropriate core log sheet in Appendix A.
22 Lithofacies Delineation
Lithofacies were delineated based on their constituent grain types and sedimentary 
features observed. Characteristics described during logging of the cores were used for 
differentiation of lithofacies. Characteristics used for differentiation which could be 
associated with certain sedimentary environments included type of matrix, skeletal and 
nonskeletal grain types, size and shape of particles, fabric (i.e., grain-supported particles 
versus mud-supported particles) and cement type (Flugel, 1982). The depositional 
environment was interpreted based on the grain type and sedimentologic features.
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Differentiation of lithofacies can be aided, in some cases, by using stratigraphic 
position and sequence as related evidence in interpreting a depositional environment which 
makes the most geologic sense. Eolian carbonate dune deposits are one of the most difficult 
lithofacies to differentiate in subsurface cores. Stratigraphic position can be useful in 
differentiating eolian carbonate sand dunes from associated beach deposits. Eolian dunes 
are large features that are usually recognized by their large laterally continuous high-angle 
crossbeds when viewed in cross-section in a surface exposure. Subsurface cores do not allow 
for a continuous horizontal view of such a deposit; therefore, the stratigraphic position and 
associated lithofacies can be used along with sedimentary features to interpret an 
appropriate depositional environment. Only a few of the properties useful for identification 
of Quaternary eolianites are seen in core intervals. Properties of eolian carbonate sand 
dunes commonly used for identification include (McKee and Ward, 1983):
1. Geometry of the deposit: Eolianites usually occur as large elongate bodies 
of grainstone.
2. Association with laterally nearby facies: Dune lithofacies usually interfinger 
with beach and nearshore deposits of like lithology, but in a prograding 
sequence eolianites may overlie beach deposits or underlie lagoonal deposits 
or caliche.
3. Composition of sand-sized particles of skeletal fragments, ooids or oolitic
grains, pellets, and peloids: Dunes have a composition of sand-sized
particles and generally lack large marine shells.
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4. Grain size and sorting: Dunes are usually well-sorted deposits and generally 
consist of fine to  medium-grained particles and lack gravel-sized particles.
5. Stratification: Dunes normally exhibit alternating fine and coarse sand 
laminae with high-angle cross stratification.
6. Association with early-stage diagenetic cements: Dunes usually occur above 
the water table; therefore vadose zone cements such as meniscus, pendulous, 
and needle-fiber would be precipitated in void spaces.
7. Trace fossils: Certain trace fossils, such as rhizocretions, roothair sheaths, 
and microborings associated with root systems of dune plants occur in dune 
deposits. Burrows are rare in dune deposits.
8. O ther evidence of subaerial deposition: Subaerial features, such as
paleosols, land snails and other terrestrial fossils, subaerial crusts (caliche), 
and karst features may be associated with dune deposits.
Because a drill core limits the view to a 2.54 cm (one-inch) wide core interval, some 
of the above properties may not be seen. The limited view of high-angled crossbeds possible 
with a 2.54 cm (one-inch) wide split core interval that can be slightly off-plumb with respect 
to the crossbeds makes recognition of eolian high-angle crossbeds difficult. Thus, when 
high-angle crossbeds in carbonate sands are stratigraphically associated with beach units, 
stratigraphic position and sequence is especially helpful in the delineation and recognition 
of the crossbedded units as eolianite deposits.
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CHAPTER 3: RESULTS AND DISCUSSION
3.0 Lithofacies Analysis
Five lithofacies were recognized within the upper 19 m of the Lucayan Limestone 
(Table 3, Figure 7). Each lithofacies documented by the present study contained skeletal 
and nonskeletal grains in variable amounts.
3.1 Constituent Grain Types
The predom inant skeletal grains recognized in the G reat Abaco Island cores 
include red and green algae, bryozoans, discoid foraminifera, gastropods, and pelecypods. 
The nonskeletal grains recognized in this study are oolitic grains, peloids (includes fecal 
pellets), aggregate grains, intraclasts, and lithoclasts. The following sections describe the 
nonskeletal grain types.
3.1.1 Oolitic Grains
Oolitic grains which exhibited only one or two concentric laminae (Plates 1 and 
2) surrounding a nucleus dominated the oolitic grains observed during this study. Oolitic 
grains were identified based on their spherical shape with a nucleus surrounded by 
concentric laminae. In thin sections, under cross polarized light, a faint black psuedo- 
uniaxial cross interference figure can be seen in some oolitic grains. The diam eter of 
oolitic grains ranged from 0.2 mm to 0.6 mm in diameter. All but the outer rim of 
oolitic grains from Great Abaco Island were micritized as seen in Plate 1.
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Figure 7. Occurrence and distribution of lithofacies and cement types documented by the 
present study.
















- 6 - -





































0 0 0 „








•> • o '
0 >■ \  *
imAm 0 * O i
1 o c Op——
Eg







CROSSBEDDED NONSKELETAL GRAINSTONE 





E g * ► Eg
m >• Egd
► Egd







E g * f 9 * > < Egt ’
I* 0
' o  d ► < Egd
o  o f t
0 *
► TllIN SECTION 
Eg EQUANT GRANULAR CEMENT 
Egb EQUANT BLOCKY CEMENT 
d ACICULAR DRUSY CEMENT 
m MENISCUS CEMENT 
w NEEDLE FIBER CEMENT
X NO RECOVERY
2.5 km- ■32km- ■1.7 km-------- ■2.0 km»- 3.2 km- -n e k
Plate 1. Photomicrograph of peloids (A) and oolitic grains (B). Thin section is from TEE 
at 4.4 m depth and is exposed under crossed polarized light. Note the micritization of the 
ooid nuclei.
Plate 2. Photomicrograph close-up of peloids (A) and oolitic grains (B) under the pelecypod 
shell in plate 1 cross polarized light. Width of photo is approximately 1 mm.
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While nuclei can be any detrital grain, previous studies of modern Bahamian 
oolitic grains indicate that the nuclei commonly consists of organic m atter such as 
endolithic blue-green and green algae, fungi, and bacteria (filing, 1954). The nuclei of 
the G reat Abaco Island oolitic grains could not be identified due to micritization of the 
nuclei.
3.1.2 Peloids
Peloids are the most abundant nonskeletal grain recognized in the G reat Abaco 
Island cores (Plate 1). Usually elliptical, Great Abaco Island peloids ranged from 0.2 
mm to 2 mm in length. On northwestern Little Bahama Bank they commonly are 0.2 
mm to 0.6 mm long and 0.1 mm to 0.4 mm wide (Williams, 1985). Although the precise 
origin of the peloids observed in the Great Abaco Island cores is unknown, they may 
have originated as fecal pellets of sediment and plankton feeders such as crustaceans, 
holothurians, gastropods, and fishes (Flugel, 1982). Peloids may also originate as 
micritized oolitic grains (Illing, 1954; Milliman, 1974). Elliptical fecal pellets observed in 
the Bahamas are produced by crustaceans (the shrimps Callianassa sp. and Alpheus sp.) 
and by gastropods (eg: Batilla sp.) (Williams, 1985). Great Abaco Island peloids were 
identified by their elliptical shape and internal texture of unoriented silt to clay-size 
grains of carbonate mud and organic matter. These peloids were very well preserved 
and have undergone no alteration. This implies that lithification occurred prior to burial. 
Lithification after burial would have caused deformation (Illing, 1954). In other parts of 
the Bahamas, peloids are found in the interior platform lagoon, as well as, in the sand 
fraction of back reef lagoons and along bank margins (Milliman, 1967).
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3.13 Aggregate Grains and Lumps
Aggregate grains (Plate 3) occurred most often in the packstone-grainstone 
lithofacies observed in the G reat Abaco Island cores. The particles forming the 
aggregate are usually a few strongly micritized oolitic grains, bioclasts, and peloids. The 
aggregate grains were stained to a tan color and were often poorly cemented. Several 
categories of aggregate grains exist and the boundaries between the categories are 
flexible (Flugel, 1982).
3.1.4 Intraclasts and Lithoclasts
Intraclasts and black lithoclasts observed in the Great Abaco Island cores were 
associated with very well-cemented core intervals. Both intraclasts and lithoclasts form 
as erosional fragments of lithified and semi-lithified sediments and indicate the close 
proximity of outcrops to the depositional site. Intraclasts are synsedimentary and may 
contain millimeter- to centimeter-sized inclusions of other particles. Intraclasts in the 
Great Abaco Island cores were poorly sorted and slightly rounded (Plates 4 and 5). 
Lithoclasts are eroded from well-lithified, older sediments. Lithoclasts observed in the 
Great Abaco Island cores were gray to black, subangular to subrounded, micritic particles 
(Plate 6 ). Particles can be included in lithoclasts (ie., fossils) and may show signs of 
abrasion (Folk, 1959), but inclusions were not noted in the Great Abaco Island 
lithoclasts.
32  Cement Types
The Great Abaco Island core material analyzed was cemented by equant granular 
cement, equant blocky cement, meniscus, drusy rim, and needle fiber "whisker" cements.
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Plate 3. Photomicrograph from the Laminated Nonskeletal Grainstone Lithofacies. The 
thin section is from GC1 at 1.5 m depth and is exposed under crossed polarized light. Note 
the well sorted nature of the individual fine and coarse laminae. Note the aggregate grain 
(A).
Plate 4. Photomicrograph from the Mudstone-Wackestone Lithofacies. The thin section 
is from Q1 at 0.3 m depth and is exposed under crossed polarized light. Note the rather 
large intraclast (A) in the upper left corner.
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Plate 5. Photomicrograph from the Mudstone-Wackestone Lithofacies. The thin section 
is from Q1 at 0.61 m depth and is exposed under crossed polarized light. Note the intraclast 
(A) in the left center of the field of view.
Plate 6. This photomicrograph illustrates the well sorted characteristic of the coarse laminae 
of the Laminated Nonskeletal Grainstone. The thin section is from GC1 at 1.5 m depth and 
is exposed under crossed polarized light. Note the subrounded iithoclast (A), discoid 
foraminifera (B) and mollusc (C).
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The samples studied via thin section were predominantly cemented by equant granular 
and equant blocky cement. Meniscus and needle fiber "whisker" cements are typically 
precipitated during initial lithification o f sediments (Flugel, 1982). In many cases, 
meniscus and needle fiber "whisker" cements initially precipitated between grain contacts 
preceed equant granular and /or equant blocky cements which fill in voids between 
grains. In some cases, fibrous cements formed a drusy rim cement.
32.1 Equant Granular Cement
Equant granular cement is the most prevalent cement type and occurs in every 
lithofacies delineated in the Great Abaco Island cores (Plate 7). It either completely or 
partially fills interparticle, intraparticle, and sheltered pore space (Plates 1 and 2). 
Commonly, it forms fine (0.016 mm) to medium (0.25 mm) sized crystals.
3 2 2  Equant Blocky Cement
Equant blocky cement is the second most prevalent cement type observed and 
commonly fills interparticle void spaces not filled by initial precipitation of equant 
granular cement (Plate 8). Blocky cement was observed in 14 of 34 thin sections 
analyzed. Blocky cement usually fills in any remaining interparticle pore spaces. Also, it 
occurs within secondary vugs but usually does not fill the entire void space. Blocky 
cement occurs as coarse-sized crystals that are as long as 0.5 cm when it occurs in 
secondary porosity vugs.
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Plate 7. Equant granular cement (A) infilling interparticle voids. The thin section is from 
Q1 at 0.61 m depth, and is exposed under crossed polarized light.
Plate 8. Equant blocky cement (A) infilling leached vugs. Thin section is from Q1 at 17.7 
m depth and is exposed under crossed polarized light.
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3 23 Meniscus Cement
Meniscus cement occurs in several lithofacies but it usually is associated with 
other cement types. Commonly, meniscus cement preceeds precipitation of equant 
granular cement or needle fiber "whisker" cements or both as here evidenced by 
superposition of the cements in relation to one another (Plate 9). Meniscus cement is 
not present in core intervals from Great Abaco Island at depths greater than five meters 
below MSL.
32.4 Needle Fiber (Whisker) Cement
Needle fiber or whisker cement occurs in interparticle pore space as clusters or 
as randomly oriented individual acicular crystals up to 0.1 mm in length (Plate 10). 
Whisker cement occurs in Great Abaco Island core Q1 at 3.9 m below MSL (Figure 7) 
and in TEE at 4.4 and 5 m below MSL (Figure 7).
323  Drusy Cement
Drusy cement occurs as a lining of interparticle void spaces (Plates 11 and 12). 
This cement type was observed in thin sections from cores Q l, TEE, and CR. The 
cement forms a uniform acicular fringe which smoothly follows the outline of voids. The 
needle-like form and uniform lining of the void are characteristic of lower intertidal and 
submarine cements (Scholle, 1978).
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Plate 9. Meniscus cement occurs at points of contact between grains and equant granular 
cement fills in the interparticle void spaces. The thin section is from Q1 at 3.9 m depth and 
is exposed under crossed polarized light. Width of photograph covers approximately 1 mm.
Plate 10. Whisker cement occurs as acicular needles within interparticle void spaces. The 
thin section is from TEE at 7.2 m depth and is exposed under crossed polarized light. 
Width of photograph covers approximately 1 mm.
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Plate 11. Drusy cement occurs as an initial lining of interparticle void spaces. The thin 
section is from CR at 0.5 m elevation and is exposed under crossed polarized light.
Plate 12. A close up of drusy cement shown near center of Plate 11. The thin section is 
from CR at 0.5 m elevation and exposed under crossed polarized light. Width of the photo 
covers approximately 1 mm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3.3 Great Abaco Island Lithofacies
33.1 The Rudstone Lithofacies
The Rudstone Lithofacies is characterized by disarticulated pelecypods and 
gastropods which are encased within a matrix of well-cemented grainstone (Plate 13). In 
some core sections extremely thin layers of the Rudstone Lithofacies occurs as a  thin 
(less 0.2 m), very well-cemented molluscan lag and are marked as "ML" on Figure 7.
The shells are whole and have suffered little abrasion. The pelecypods and gastropods 
appear to be hydrodynamically oriented in some core intervals. The grainstone matrix 
contains discoid foraminifera, oolitic grains, and peloids. The rudstone ranges in 
thickness from 1.5 m to 0.04 m. The rudstone occurs as a locally discontinuous deposit 
in cores Q2 (17.6 to 17. 9 m below MSL) and WC2 (5.8 to 7.9 m below MSL). It occurs 
as a molluscan lag in cores Q1 (4, 5.2, and 14.3 m below MSL), Q2 (141.2 m below 
MSL), Q3 (9.4 m below MSL), GC2 (3.2 and 4.6 m below MSL), and GC1 (2.4 and 3.9 
m below MSL) (Figure 7).
Overall, the rudstone is very well-cemented. This same type of deposit has been 
noted to occur in northwestern Little Bahama Bank (Williams, 1985), in San Salvador 
(Supko, 1970) and in the southeastern Bahamas (Pierson, 1982).
The rudstone differs in several ways from the grainstone lithofacies described 
below. For example, the distinct laminations noted in the Laminated Nonskeletal 
Grainstone described below do not occur in the Rudstone. Nor are there crossbeds 
which occur in the Crossbedded Nonskeletal Grainstone Lithofacies. In addition, 
mollusc shells appear to be concentrated in the Rudstone Lithofacies and are scattered 
throughout the lithofacies described below.
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Plate 13. Core sections o f the Rudstone Lithofacies. The specimens are from Q1 at 14.3 
m depth (1 and 2), and GC1 at 2.4 m depth (3). Note the pelecypods (A).
Plate 14. Core sections from the Laminated Nonskeletal Grainstone Lithofacies. The 
specimen on the left is from Q1 at 7.3 m depth, top right from GC1 at 2.1 m elevation, and 
bottom right from GC2 at 1.8 m depth.Arrow (A) indicates Keystone Vugs.
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332  The Laminated Nonskeletal Grainstone Lithofacies
The Laminated Nonskeletal Grainstone Lithofacies is characterized by 0.1 cm to 
4.0 cm horizontal to low-angle (less than 10°) cross-laminations that consistently dip in 
one direction within a core interval and range in texture from medium-grained to 
coarse-grained laminae (Plates 14 and 15). The lithofacies is well stratified and each 
lamina is internally well sorted as noted in Plate 15. The lithofacies contains trace (one 
percent) amounts of lithoclasts and approximately 80 percent peloids and oolitic grains 
ranging in size from 0.25 mm to 1.5 mm and lacks any appreciable amounts of mud. 
Although this lithofacies is characterized as nonskeletal, some skeletal grains occur and 
their distribution ranges from 10 to 20 percent. The skeletal grains are restricted to the 
coarse laminae and make up most of the larger grains of the laminae. The presence of 
large skeletal grains within the coarse laminae may be due to the light density and 
morphology of the skeletal particles; even small waves could move these larger skeletal 
grains. Medium-grained laminae contain grains ranging from 0.25 mm to 0.5 mm in 
diameter and coarse-grained laminae contain grains ranging from 1.0 mm to 1.5 mm in 
diameter. Green algae (Halimeda sp.) (bottom of Plate 15), molluscs, and discoid 
foraminifera (Plate 6) occur in amounts of less than two percent.
This lithofacies, unlike any other grainstone of the study, commonly contains 
subspherically shaped keystone vugs aligned parallel to laminae as seen in Plate 14. The 
Laminated Nonskeletal Grainstone Lithofacies varies in total thickness from 0.3 m in 
core TW to 6.1 m in core GC1; it occurs in every core across the windward lagoon 
except cores Q2 and TEE (Figure 7).
Thin section analysis indicates that this lithofacies is initially cemented by equant 
granular cement which, in many cases, is later followed by equant blocky cement. In
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Plate 15. Laminations (A) on the microscopic level are visible in this photomicrograph of 
the Laminated Nonskeletal Grainstone. Note the Halimeda sp. plate (B) at the bottom 
center and the moderately well-sorted nature of the oolitic component. The thin section is 
from GC1 at 2.1 m elevation and is exposed under crossed polarized light.
Plate 16. Core sections from the Crossbedded Grainstone Lithofacies. The specimen is 
from Q3 at 9.7 m depth. Note crossbedding (A) with 34° dip (assuming core was drilled 
plumb).
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cores GC2 and WC1, equant granular cement was preceded by initial precipitation of 
meniscus cement (Plate 9) indicating lithification initially occurred in the undersaturated 
vadose zone (Scholle, 1978). Also, in core C R  this lithofacies is cemented by needle 
fiber "whisker" cement (Plate 10) which also indicates lithification in the vadose zone 
(Scholle, 1978).
Keystone vugs are very prevalent and consistently subspherically shaped in the 
Laminated Nonskeletal Grainstone but are absent in the Crossbedded Nonskeletal 
Grainstone. The Laminated Nonskeletal Grainstone contains layers of mollusc shells 
which are totally absent in the Crossbedded Nonskeletal Grainstone. These features are 
unique to the Laminated Nonskeletal Grainstone Lithofacies. Despite the similarity in 
lithology, the two lithofacies can be differentiated based on these key features.
3 33  The Crossbedded Nonskeletal Grainstone Lithofacies
This grainstone is characterized by high-angle thin cross-laminations inclined up 
to 34° (Plate 16) but range from 20° to 30°. Medium to coarse-grained horizontal 
laminations do not occur in the Crossbedded Nonskeletal Grainstone. The lithofacies is 
well sorted throughout and is predominately composed of oolitic grains and peloids 
ranging from 0.25 mm to 0.5 mm in diameter. The lithofacies is initially cemented by 
equant granular cement followed by equant blocky cement. There are no burrows, root 
casts (rhizocretions), or trace fossils of any sort as might be found in shoal environments 
which have sedimentary structures similar to those of eolianites.
The Crossbedded Nonskeletal Grainstone Lithofacies can be difficult to 
distinguish from the Laminated Nonskeletal Grainstone Lithofacies in sections where 
crossbedding is of a low angle. However, the Laminated Nonskeletal Grainstone laminae
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alternate in texture and thickness while the Crossbedded Nonskeletal Grainstone laminae 
are composed of thin, medium-grained, well-sorted layers throughout with grains lithified 
by meniscus cement. Although the Crossbedded Nonskeletal Grainstone is extremely 
friable, it occurs in core Q3 (9.7 to 10.1 m below MSL, Figure 7, Appendix A). Pierson 
(1982) also found a similar rock type which had a similarly low occurrence but was a 
distinctive stratigraphic unit.
33.4 The Packstone-Grainstone Lithofacies
The Packstone-Grainstone Lithofacies straddles the lithologic boundary between 
a pure packstone and a pure grainstone; therefore, a compound lithologic name has been 
assigned to this lithofacies. The Packstone-Grainstone Lithofacies is characterized by 
crossbeds (ranging from 10° to 30°) which in some intervals are partially to completely 
obliterated by vertical to horizontal burrows (Plates 17, 18, and 19). These burrows 
resemble those described as due to Callianassa sp. by Shinn (1968a). Thin sections from 
this lithofacies contained approximately 80 percent peloids, oolitic grains and aggregate 
grains. Grain size ranges from 0.15 mm to 1.5 mm. Only trace amounts (one percent) 
of red and green algae (Halimeda sp.), mollusc fragments, discoid foraminifera and 
bryozoans (Schizoporella floridanal were observed.
This lithofacies is cemented by vadose zone needle fiber "whisker" and meniscus 
cements. Equant granular cement and occasionally equant blocky cement fill in the 
center of the voids by forming over the former cement types. Equant granular and or 
blocky cements are preceded by vadose zone meniscus cement in cores GC2 and WC1. 
The lithofacies occurs in the upper and lower intervals of all cores except GC1 and DR 
(Figure 7). The Packstone-Grainstone Lithofacies is very different from other lithofacies
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Plate 17. Core sections from the Packstone-Grainstone Lithofacies. The specimen is from 
Q3 at 7.5 m depth. Note the subtle crossbedding (30° dip) (A-A’) still visible despite the 
presence of burrows.
Plate 18. Core section from the Packstone-Grainstone Lithofacies. The specimen is from 
Q3 at 7.3 m depth. Note that the crossbedding (A-A’) is more disturbed by burrowing (B) 
in the upper section of this core interval.
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Plate 19. Core Section from the Packstone-Grainstone Lithofacies. The specimens are from 
GC2 at 3.5 m depth on the left and Q2 at 0.5 m depth on the right. Note the presence of 
gastropods (A).
Plate 20. Core Section from the Mudstone-Wackestone Lithofacies. The specimen is from 
Q1 at 14.3 m depth. Note the bioturbation (B - darker color).
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described due to its lithology and presence of burrows. None of the other grainstone 
lithofacies contained burrows.
333 The Mudstone-Wackestone Lithofacies
The Mudstone-Wackestone Lithofacies straddles the lithologic boundary between 
a pure mudstone and a pure wackestone; therefore, a compound lithologic name has 
been assigned to this lithofacies. The Mudstone-Wackestone Lithofacies is characterized 
by a network of vertical (15 cm in length) and horizontal (0.5 cm in width) burrows.
These burrows are very similar to crustacean burrows described by Shinn (1968a) and 
attributed to Callianassa sp. The bioturbation completely obliterates any other possible 
sedimentary structures (Plate 20). This lithofacies contains more than 60 percent micrite 
and up to 30 percent peloids. Only trace amounts (one percent) of Halimeda sp. and 
discoid foraminifera were noted during petrographic analysis. The lithofacies occurs in 
the upper and lower intervals of cores Q l, Q2, and Q3 (Figure 7) but is absent in all 
other cores.
This lithofacies is cemented by equant granular cement in interparticle and 
intraparticle pore spaces (Plate 21). Also, coarse equant blocky cement occurs in 
secondary porosity vugs. The sections of this lithofacies which occur in the lower 
intervals of these cores has undergone some early diagenetic alteration of dissolution and 
cementation (described in Section 3.5).
The Mudstone-Wackestone Lithofacies is the only lithofacies composed primarily 
of carbonate mud and totally lacks medium to coarse-sized grains. All other lithofacies 
described are typical of high to medium-energy environments while the Mudstone- 
Wackestone Lithofacies represents a low-energy depositional environment.
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Plate 21. Photomicrograph from the Mudstone-Wackestone Lithofacies. The thin section 
is from Q1 at 16.8 m depth and is exposed under crossed polarized light. Note the equant 
granular cement in both inter-(A) and intra-particle (B) pores.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
33.6 Lateral and Vertical Distribution of Lithofacies
The lithofacies of the Lucayan Limestone within the study area range from 
micritic mudstone-wackestone deposits to  radstone deposits. The upper core intervals of 
the G reat Abaco Island cores consist predominately of coarse grainstone units in the 
eastern section of the transect and mudstones-wackestones in the western section of the 
transect (Figure 7). This east to west facies change is probably a result of exposure of 
the eastern part o f the transect to the higher wave energy of the bank margin (Hailey et 
al., 1983). A  second factor which affected sedimentation was the stabilization of 
platform margin grainstone units by partial lithification during a sea level low-stand. 
Partial lithification of these units may have created a protective shelter and made it 
possible for lime muds to accumulate in the lee of these units. This distribution of 
lithofacies is similar to the present-day setting of the Great Abaco Island windward 
lagoon described by Darby (1968) and Locker (1980).
The stratigraphic sequence of the lithofacies illustrates the rapid lateral changes 
in deposition of the Lucayan Limestone. Comparison of all eleven cores across the 
windward lagoon shows a very rapid lateral and vertical variation in lithofacies within the 
Lucayan Limestone in the study area (Figure 7). For example, cores Q l, Q2, and Q3 
were within 100 m of one another as were GC1 - GC2 and WC1 - WC2; yet, the 
Packstone-Grainstone Lithofacies and the Laminated Nonskeletal Grainstone pinch out 
over these short distances. The Packstone-Grainstone Lithofacies pinches out between 
cores GC2 and GC1 and thins between WC2 and CR (Figure 7). The Laminated 
Nonskeletal Grainstone pinches out between CR, WC2 and WC1 in the lower core 
intervals of these three cores.
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Rapid lateral variation has also been noted in the overlying Holocene sediments 
(Darby, 1968; Locker, 1980) and reflects the dynamic nature of the windward lagoon 
environment. For example, the presence of cays or islands immediately offshore from 
the main island and the proximity of tidal inlets between cays to protected muddy areas 
leeward of cays influence the lateral distribution of lithofacies. The offshore cays 
provide a buffer to waves and create protected areas where lime mud accumulates. The 
offshore cays have been shown to be carbonate sand shoals that were built into eolian 
dunes and lithified during a glacially lowered sea level (Illing, 1954, Newell et al., 1957; 
Newell, 1960). Then, during subsequent high stands, the submerged to partially 
submerged dune rock (island) becomes an offshore barrier to strong waves (Purdy, 1960; 
Purdy, 1961). Based on sediment distribution patterns documented by Darby (1968) and 
Locker (1980) in the present day windward lagoon, the presence of fine-grained 
mudstone-wackestone deposits in the upper portions of Q l, Q2 and Q3 (Figure 7) west 
of coarse-grained grainstone deposits in cores GC2, GC1, DR, WC1, WC2 and CR 
(Figure 7) suggests the existence of a protective barrier between the core sites Q1-Q2-Q3 
and core sites GC2-CG1 during deposition of the upper Lucayan Limestone.
The vertical variation in lithology is best illustrated by cores Q l and Q2 (Figure 
7). Vertically, lithology changes from fine-grained bioturbated mudstones-wackestones 
upward to a packstone-grainstone overlain by a coarser grainstone overlain by a 
packstone-grainstone and then a mudstone-wackestone. The vertical sequence in core 
Q l of mudstone-wackestone to packstone-grainstone to grainstone is very similar to that 
described in similar windward lagoon settings by Pierson (1982) and Beach (1982).
Pierson (1982) describes a shallowing upward sequence in the southeastern 
Bahamas which begins with a basal calcrete crust or coquina deposit (similar to the
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rudstone of this study) overlain by a mudstone, overlain by a wackestone to packstone, 
overlain by a packstone to grainstone, overlain by a grainstone overlain by a  crossbedded 
grainstone. Pierson (1982) noted that this type of sequence occurs along the platform 
margin. H e concluded that the sequence represents deposition under supratidal (calcrete 
crust or coquina), subtidal (mudstone, wackestone to packstone, packstone to 
grainstone), intertidal (grainstone), and supratidal (crossbedded grainstone) conditions. 
H e concluded that these units represented an emergent-submergent-emergent sequence 
along the bank margin. The grainstone units capping Pierson’s sequence were deposited 
at or just below sea level. Also, Pierson (1982) concluded that there was a sufficient 
supply of sediment to allow the grainstones to build up to or close to sea level. Then if 
sea level dropped and exposed these sands, they could be blown into eolian dunes and 
even lithified within a relatively short time.
Beach (1982) also observed a similar sequence on Great Bahama Bank in his 
study of the Lucayan Limestone. The stratigraphy of the upper 15 m of section (Figure 
6, cores U l, AN5, AN46, U2, and AN66) along the windward margin resembles the 
sequence observed on Great Abaco Island. In the section from northwestern Great 
Bahama Bank a similar vertical and horizontal variation in lithofacies occurs (Figure 6, 
upper 15 m of cores U l, AN5, AN46, U2 and AN66). The consolidated limestone units 
to a depth of approximately 15 m have been assigned to  the upper portion of the 
Lucayan Formation in this area (Beach and Ginsburg, 1980; Beach, 1982). This section 
is comprised of peloid*ooid grainstone, peloid-ooid packstone, peloid-skeletal packstone 
and mud-wackestone. The grainstone deposits are ooid-rich, nonskeletal sediments 
lacking any significant organic framework deposits which occur lower in the section. The
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ooid-rich sediments are concentrated along the bank margins in cores U l and OJ3 
(Figure 6).
Cores U2 and AN46 (Figure 6) also show a similar vertical sequence as that 
noted in the Lucayan Limestone on G reat Abaco Island and in the southeastern 
Bahamas. A  mud-wackestone occurs a t approximately 15 m depth in core U2 and is 
successively overlain by peloid-ooid packstone, peloid-ooid grainstone, mud-wackestone, 
peloid-ooid packstone and either peloid-ooid grainstone or mud-wackestone. In core 
AN5 (Figure 6), at 15 m depth a peloid-ooid packstone occurs and is successively 
overlain by two sequences of peloid-ooid grainstone overlain by peloid-ooid packstone.
In core U l a 15 m thick section of peloid-ooid grainstone occurs.
Cores U l, AN5, AN46, and U2 (Figure 6) exhibit a similar horizontal variation in 
lithofacies as that observed on Great Abaco Island (Figure 7). In cores U l, AN5, AN46, 
and U2, mud-wackestone occurs west of peloid-ooid grainstone, which occurs west of 
peloid-ooid packstone, which occurs west of peloid-ooid grainstone. The deposition of 
mud-wackestone west of grainstone deposits is similar to the G reat Abaco Island section. 
Beach (1982) concluded that the mud-wackestone possibly represented deposition in a 
protected lagoon created by the sheltering affect of the grainstone deposits along the 
margin.
Grainstone deposits of the Lucayan Limestone tend to be concentrated along the 
bank margins (Beach and Ginsburg, 1980; Beach, 1982; Pierson, 1982 and Williams,
1985). Along the leeward margin of northwestern G reat Bahama Bank in core OJ3, a 
well-sorted, fine to medium grained, peloid-ooid grainstone occurs (Figure 6). Bedding 
varies from high angle cross-stratification with dips up to 35°, underlain by successive 
units of lower angled cross-stratification ending with horizontally stratified bioturbated
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deposits. The same peloid-ooid grainstone also occurs on the bankward margin in core 
U l (Figure 6).
Each of the above sequences described from G reat Abaco Island, Great Bahama 
Bank, and the southeastern Bahamas exhibit a similar vertical sequence and horizontal 
interfingering of lithofacies. These sequences indicate either a sedimentary response to 
fluctuating sea levels or a complex interaction of depositional rate and sea level change. 
Beach (1982) and Pierson (1982) concluded that deposition of the Lucayan Limestone 
occurred primarily during transgressions. During sea level regressions, oolitic 
grainstones were partially reworked into eolian dunes and stabilized through 
cementation. The completeness of the record preserved in these cores is dependant on 
the proximity of the cores to the bank margin. The more complete geologic record for 
the Lucayan has been observed in cores from the platform interior (Beach and Ginsburg, 
1980; Beach, 1982; Pierson 1982; and Williams, 1985).
3.4 Depositional Environments
3.4.1 The Rudstone Lithofacies
The Rudstone Lithofacies and thin molluscan lag layers of this lithofacies 
contains nonskeletal grains of oolitic grains, peloids and skeletal grains of pelecypods, 
gastropods, and foraminifera. These types of skeletal and nonskeletal grains are 
commonly found in shallow marine lagoonal environments (Flugel, 1982). Overall the 
rudstone is very well-cemented, possibly indicating fluctuating conditions from marine to 
non-marine waters. The pelecypods and gastropods are surrounded by a matrix of 
coarse nonskeletal oolitic and peloidal grains. Pelecypod shells appear to be
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hydrodynamically oriented with the concave side of the shell down. The orientation of 
skeletal grains and the coarseness of the predominantly nonskeletal matrix indicates 
m oderate wave energy. Storm waves would leave most shells unoriented and result in 
some inversely graded layers (Flugel, 1982).
The presence of a lagoonal assemblage with coarse grains and a lack of fines 
suggests a reworking of older unlithified or partially lithified lagoonal deposits by a 
transgressing shoreline. Thus this rudstone represents a basal lag deposit.
3 .42 The Laminated Nonskeletal Grainstone Lithofacies
The Laminated Nonskeletal Grainstone is characterized by horizontal to 
low-angle (less than 10°) medium-grained (0.25 mm to 0.5 mm grains) and coarse-grained 
(1.0 mm to 1.5 mm grains) laminations (0.1 cm to 4.0 cm thickness). The low-angle 
laminae uniformly dip in one direction and there are no reversals in dip that would be 
indicative of tidal currents. Also, there are no laminae of micrite associated with the 
coarse-grained laminae which would indicate deposition of micrite at slack tide. The 
laminae thickness and grain size indicate slightly fluctuating energy conditions over short 
time intervals. Each laminae is internally well-sorted. Also, keystone vugs are aligned 
parallel to the laminae. Dunham (1970) and Shinn (1968b) showed that keystone vugs 
only form within the beach surf zone as air bubbles escape from beach sediments. Based 
on these features, the Laminated Nonskeletal Grainstone is interpreted to represent a 
beach deposit.
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3.43 The Crossbedded Nonskeletal Grainstone Lithofacies
The Crossbedded Nonskeletal Grainstone Lithofacies is characterized by thin 
high-angle crossbeds that range from 20° to 34° inclination. It is composed of nonskeletal 
grains of oolitic grains and peloids which are known to form in shallow marine 
environments (Harris, 1977; 1979). The lithofacies is well sorted throughout. This 
lithofacies was delineated in core Q3. Based on the lack o f burrowing, excellent sorting, 
medium grain size (0.25 mm to 0.5 mm), moderately high-angle crossbeds (20° to 34°), 
lack of keystone vugs and stratigraphic position in the sequence, this lithofacies is 
interpreted to be an eolian dune deposit. This interpretation is further supported by the 
fact that the lithofacies is cemented only by meniscus and needle fiber "whisker" cements 
(Figure 7) indicative of the undersaturated conditions of the vadose zone commonly 
observed in eolian dunes (Scholie, 1978). This lithofacies also contains the same grain 
types as the Laminated Nonskeletal Grainstone Lithofacies which supports the 
interpretation that dunes formed behind a beach and thus intertongue with beach 
sediments. The poorly cemented nature of this lithofacies, forming a friable limestone, 
may explain its low occurrence either due to poor preservation or core recovery.
3.4.4 The Packstone-Grainstone Lithofacies
The Packstone-Grainstone Lithofacies characteristically contains peloids, oolitic 
grains, aggregate grains, and trace amounts of red and green algae CHalimeda sp.). 
Commonly, it exhibits low-angle crossbeds of less than 10° that in some intervals have 
been obscured or completely obliterated by burrowing organisms.
Finger-sized vertical and horizontal burrows observed in this lithofacies are 
similar to the Callianassa sp. burrows described by Shinn (1968a). The burrows are
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approximately 1.27 cm to 1.9 cm in diameter and are lined with a concentric inner layer 
of iron stained calcareous cement. H ie  inner wall surface of the burrow is irregular and 
hummocky. Callianassa sp. is known to dwell in the intertidal and subtidal zones and 
may burrow to a depth of one meter.
Aggregate grains (ranging from 5 to 10 percent) were observed in this lithofacies. 
These grains generally form in sandy sediments that are exposed to lower wave energies 
than oolitic sediments and are commonly deposited a t the site of formation (filing, 1954). 
Aggregate grains are the dominant grain type of similar packstone-grainstone lithofacies 
of shallow platform lagoonal deposits described in the southeastern Bahama Banks 
(Pierson, 1982). Transport over even short distances would disaggregate the grains.
They are indicative of a slow depositional rate, for example on a stable platform at or 
near sea level. The slow depositional rate  would also be conducive to bioturbation.
Based on the above characteristics, this lithofacies is interpreted as an subtidal deposit 
within an open platform.
3.4.5 The Mudstone-Wackestone Lithofacies
The Mudstone-Wackestone Lithofacies is characterized by approximately 1 cm 
wide, vertical to horizontal burrows similar to those of Callianassa sp. burrows described 
by Shinn (1968a). In the upper intervals of cores Q l, Q2 and Q3, this facies is 
sometimes coarser-grained and but the overall texture is that of a mudstone-wackestone. 
The large amount of micrite (more than 50 percent) indicates that this lithofacies was 
deposited in a protected low energy setting. Waves, if present, were not strong enough 
to winnow away the fines. This is similar to the depositional pattern behind the marginal 
cays of the present day Great Abaco Island windward lagoon described by Darby (1968)
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and Locker (1980). The above characteristics of this lithofacies indicate that this facies 
was deposited in the intertidal to subtidal zone of a shallow protected environment, such 
as a windward lagoon.
3.4.6 Facies Stratigraphy
Based on sedimentary features, constituent grain composition, and stratigraphic 
sequences, depositional environments represented in the Great Abaco Island cores range 
from subtidal platform lagoonal deposits to supratidal eolianite dune deposits (Table 3). 
In cores Q l and Q2 (Figure 7), the lithofacies form a sequence beginning with sheltered 
lagoonal deposits (mudstone-wackestone and packstone-grainstone) overlain by shallow 
intertidal to supratidal deposits (grainstone) which are overlain by protected subtidal 
deposits (packstone-grainstone and mudstone-wackestone). This pattern is seen only in 
cores Q l, Q2 and Q3 which are all closely spaced along the western portion of the 
transect where almost 19 m of the Lucayan are penetrated by the cores. This 
stratigraphic sequence probably reflects the effect of minor sea level fluctuations when 
the area was near sea level. These fluctuations would expose large areas of carbonate 
sand which could be blown into dunes. A  small rise in sea level or continual subsidence 
would then partly drown these dunes which would have become partially lithified during 
emergence and exposure to atmospheric conditions (such as rain water). Thus protected 
deposits would accumulate behind these island dunes and result in the rapid lateral 
facies changes found in this area.
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3.5 Interpretation of Diageneticallv Altered Material
Diagenetic processes observed in the cores from G reat Abaco Island consisted of 
solution, cementation, lithification and micritization. Solution processes were 
represented by iron-stained thin layers and preferential dissolution of coarse burrow-fill 
in the mudstone-wackestone (lower intervals of cores Q l and Q2). Cementation and 
lithification were represented to varying degrees in all lithofacies. Overall, the 
grainstone lithofacies were less cemented and m ore friable than the packstone-grainstone 
and Mudstone-Wackestone Lithofacies. Cementation consisted of initial cement 
formation between grains (meniscus) and in interparticle voids (equant granular, equant 
blocky, and drusy). Cementation increased with depth and, as mentioned previously, 
varied with lithofacies.
Diagenetic processes can alter limestones to  such an extent that sedimentary 
features representative of a depositional environment may be partially or completely 
obliterated (Bathurst, 1971). The lower intervals of the Mudstone-Wackestone 
Lithofacies recognized in the Great Abaco Island cores Q l and Q2 underwent more 
diagenetic alteration than any other lithofacies. A comparison of the bioturbated 
intervals of the upper and lower core intervals of the mudstone-wackestone and 
Packstone-Grainstone Lithofacies of cores Q l and Q2 (Plate 22) shows that burrows 
once filled with coarse-grained burrow-fill (Plate 19, A) were leached and replaced with 
equant blocky cement (Plate 22). In the lower intervals, leaching left large (up to one 
cm wide) vertical vugs which were later filled with an iron-stained equant blocky cement 
as demonstrated by the fact that older vugs were partly or entirely filled (Plate 8). Also, 
the originally peloidal lime mud in older intervals has undergone neomorphic alteration 
to form microspar. However, some remnants of the original sedimentary texture
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Plate 22. Core sections from the Mudstone-Wackestone and Packstone-Grainstone 
Lithofacies. The sections are from Q l at 14.3 m on the left, and TW at 6.2 m depth on the 
right. Prior to diagenetic alteration, the left section would have resembled the specimen on 
the right. Note how vugs have been filled by cement.
Plate 23. Core section through a subaerially exposed horizon. The specimen is from Q l 
at 4.0 m depth. Note the micritic texture, and subangular lithoclast (A).
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exhibited by the upper core intervals of the lithofacies (i.e., bioturbation and lithology) 
were still present in the lower altered units. The remnant sedimentary textural features 
become obvious upon comparison of the lower and upper intervals (Plate 22). Initially, 
it was difficult to determine the sedimentary characteristics of the lower intervals until 
they were compared with key features of the upper intervals where diagenesis was less 
advanced.
3.6 Subaerial Exposure Horizons
During subaerial exposure of carbonate sediments, alterations occur which 
produce a thin, few centimeters thick, weathered horizon. The most prominent features 
of these horizons are brown to red-brown discoloration or staining, dense unlaminated to 
poorly laminated micrite, black lithoclasts, and cementation by coarse bladed cement 
(0.015 mm to 0.3 mm) and /o r needle fiber "whisker" cements (Beach, 1982) (Table 4.0). 
A horizon of cream-colored, vuggy, well-cemented, crinkly-laminated micrite occurs at 
approximately four meters depth in core Q l from Great Abaco Island. It contained a 
black subangular lithoclast and in thin section was noted to be cemented by needle fiber 
cement. This interval from Great Abaco Island core Q l occurs within the uppermost 
core interval of core Q l at four meters depth and exhibited enough of the required 
features to be documented as a subaerial exposure horizon (Plate 23). A  zone of no 
recovery noted in core Q2 (Appendix A) may also represent a subaerial exposure 
horizon but sufficient diagnostic features were not present above or below the zones of 
no recovery. Locker (1980) noted a seismic reflector at approximately 12 m depth 
between the upper Pleistocene (PI, Figure 5) and lower Pleistocene (P2, Figure 5) units. 
He suggested that this boundary may be an unconformable surface, possibly a karst
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
TABLE 4
Features Associated With 
Subaerial Exposure Horizons
a) red, gray, or black staining
b) secondary unlaminated micrite
c) secondary laminated micrite
d) secondary micritic pisolites
e) extensive leaching and solution pipes
f) localized extensive secondary alteration 
of primary sediments
g) paleosol
h) lithoclasts including darkened clasts
i) needle-fiber cement 
j) microcodium
k) boring (macro and /o r micro)
I) sharp increase in induration 
m) sediment fill from overlying unit 
n) facies change
(after Beach, 1982)
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horizon. This same seismic reflector might be represented by zones o f no recovery 
and /o r hardgrounds formed during subaerial exposure at similar depths (approximately 
12 m below ground surface) in the cores from G reat Abaco Island. For example, the 0.6 
m eter zone of no recovery in core Q l (Appendix A) at 11.3 to 11.8 m between the 
grainstone and Packstone-Grainstone Lithofacies or the molluscan lags at 14.2 in cores 
Q l and Q2. Several core intervals are cemented by coarse bladed cement and /o r needle 
fiber "whisker" cements but no other subaerial exposure alteration features were 
associated with this cementation.
It should not be surprising that only one thin interval from the G reat Abaco 
Island cores preserved diagnostic subaerial exposure features. Beach (1982) pointed out 
the inherent problems of defining subaerial exposure horizons using subsurface cores 
versus definition of such horizons over modem exposed rock surfaces. M odern exposed 
rock surfaces offer an expansive view of an altered horizon whereas subsurface cores do 
not. Many of the required features may not be evident in subsurface cores. In addition, 
the eastern core transect of this study was exposed to the higher energy of the bank 
margin which could have destroyed any subaerially exposed horizon by erosion during 
periodic storm events before it was buried and preserved.
3.7 Stratigraphic Correlation
The stratigraphic data gathered from the eleven shallow cores transecting the 
G reat Abaco Island windward lagoon indicates that these deposits are dominated by 
packstones and grainstones with textures ranging from mudstones to rudstones. The 
similarity of the Great Abaco Island section to the stratigraphy of the upper 15 m of the
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Lucayan Limestone on Andros Island as described by Beach and Ginsburg (1980) 
warrants assigning the G reat Abaco Island carbonates to the upper Lucayan Limestone.
Stratigraphic correlation of the lithofacies delineated in the upper 19 m of the 
Lucayan Limestone on G reat Abaco Island is based on the recognition of similar 
lithologic and sedimentary features at similar elevations across the lagoon transect 
(Figure 8). Boundaries between all lithofacies are marked by zones of no recovery or 
broken core intervals. No contacts between lithofacies are present in any o f the 
continuous core segments and the nature of the lithofacies boundaries can not be 
ascertained.
The Mudstone-Wackestone Lithofacies occurs in the lower core intervals of cores 
Q l and Q2 approximately between 14 to 19 m depth (Figure 8). Based on similarities in 
lithology and sedimentary features observed in each core interval it is possible to 
correlate the Mudstone-Wackestone Lithofacies of core Q l to the Mudstone-Wackestone 
Lithofacies found in core Q2. The Mudstone-Wackestone Lithofacies is interpreted to 
be a subtidal deposit in a lagoon. Because cores from the western portion of the 
transect did not penetrate to this depth, it cannot be determined if the Mudstone- 
Wackestone Lithofacies extends across the transect.
The next overlying lithofacies is a packstone-grainstone which occurs in cores Q l 
and Q2 from approximately 10 to 14 m depth below MSL (Figure 8). The Packstone- 
Grainstone Lithofacies represents deposition of shallow subtidal deposits on a open 
platform. This lithofacies is correlated to lithofacies of similar lithology and depth in 
cores Q3, GC2, TW, TEE, WC1, WC2 and CR.
The overlying lithofacies occurring in core Q l is the Laminated Nonskeletal 
Grainstone from 5 to 11 m depth (Figure 8). This lithofacies is interpreted to be a
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Figure 8. Correlation of lithofacies across the Abaco Island windward lagoon tract.
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beach deposit. The Laminated Nonskeletal Grainstone occurs in cores GC2, GC1, DR, 
WC1, WC2 and CR across the transect (Figure 8). The sections of Laminated 
Nonskeletal Grainstone occurring in the lower portions of cores GC2, GC1, TW, WC2 
and CR (Figure 8) may possibly be correlative to  the section in Q l; however, there is not 
enough evidence to confirm this hypothesis. The sections of this lithofacies occurring in 
the upper portions of cores GC2, GC1, DR, WC1, WC2 and CR (Figure 8) are 
correlative based on similarities in lithology, sedimentary features, similar elevations and 
stratigraphic position. Also, all of these core intervals are cemented with equant 
granular, equant blocky, meniscus and drusy cements.
The next overlying lithofacies which occurs in core Q l is the Packstone- 
Grainstone Lithofacies from four to five meters depth below MSL (Figure 8). The 
Packstone-Grainstone Lithofacies represents deposition of subtidal deposits on a shallow 
open platform. A  similar lithofacies is found at approximately the same depths in cores 
Q2, Q3, GC2, TW, TEE, WC1, WC2, and CR (Figure 8). The packstone-grainstone 
does not occur in core GC1 which consists of a grainstone throughout its entirety except 
for molluscan layers at 3.2 to 3.3 m and 4.6 m depth MSL.
The uppermost core interval of cores Q l, Q2, and Q3 is comprised of the 
Mudstone-Wackestone Lithofacies. The Mudstone-Wackestone Lithofacies is interpreted 
to be a shallow subtidal deposit in a windward lagoon. These sections of the Mudstone- 
Wackestone Lithofacies are similar to those found in the lower core intervals of cores 
Q l and Q2 except for diagenetic alteration of increased cementation that has occurred in 
the lower intervals. The Mudstone-Wackestone Lithofacies does not occur in the upper 
core intervals of any other cores. The absence of the Mudstone-Wackestone Lithofacies 
in the upper core intervals in the eastern part of the transect can be attributed to the
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higher energy o f the eastern section of the transect. The presence of the mudstone- 
wackestone in the upper core intervals of cores Q l, Q2, and Q3 in the western section of 
the transect is probably due to the sheltering effect created by the buildup of the 
Laminated Nonskeletal Grainstone Lithofacies (beach) in cores GC2, GC1, DR, WC1, 
WC2 and CR to the east. Subaerial cementation of these beach grainstones may have 
created a barrier to ocean currents, thus, creating a local low energy environment in 
which micrite was deposited to their lee (west).
In core Q3, an interval of the Crossbedded Nonskeletal Grainstone Lithofacies 
occurs from 9.7 to 10.1 m depth below MSL (Figure 8) between sections of the 
Packstone-Grainstone Lithofacies. The Crossbedded Grainstone Lithofacies is extremely 
friable with poor core recovery which may partially explain its absence elsewhere in the 
transect.
3.8 Facies Evolution During the Pleistocene: Comparison with the Recent
Evaluation of the vertical and lateral distribution of lithofacies within the Great 
Abaco Island cores indicates that minor sea level fluctuations affected the depositional 
sequence. Initially in core Q l, there was deposition of a Mudstone-Wackestone 
Lithofacies in the western part of the lagoon. This unit is preceded in core Q2 by a 
rudstone and then a Laminated Nonskeletal Grainstone. This stratigraphic sequence 
indicates a change in energy of the depositional environment. This change could be 
attributed to several possible events. For example, progradation of the Laminated 
Nonskeletal Grainstone (beach deposit) eastward and then stabilization of the deposit to 
form a barrier to ocean waves so that micrite was deposited to the lee of the barrier. 
Second, a relative rise in sea level which flooded the carbonate platform. Due to a lack
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
of sufficient evidence and drill core to  similar depths east of cores Q1 and Q2, it is not 
possible to confirm either hypothesis. Cores across the main part of the lagoon do not 
penetrate as deeply as those from the west, so it is not possible to discern the type of 
sediment deposited to the east at this depth. However, because there is predominantly 
fine material in the west, it implies that either deep water covered the bank margin at 
this time or m ore likely that some type of protective barrier existed to the east creating a 
lagoon at the site of cores Q l, Q2, and Q3.
Overlying this Mudstone-Wackestone Lithofacies is the Packstone-Grainstone 
Lithofacies. A  gradation from the Packstone-Grainstone Lithofacies to an overlying 
beach grainstone and eolianite grainstone indicates subaerial exposure of the beach and 
reworking of beach deposits to form eolianite dunes behind the beach. This lithologic 
sequence seen in the lower sections of cores Q l, Q2, and Q3 represents a shoaling or 
prograding sequence.
The sea level record for northwestern Great Bahama Bank indicates a drop in 
sea level occurred during the late Pleistocene (Vail and Mitchum 1977; Vail et al., 1977; 
Vail and Mitchum 1979; and Beach, 1982). If this sea level record corresponds to the 
section described above (wackestone to packstone to grainstone), then deposition of the 
beach and eolianite lithofacies followed the drop in sea level during the Pleistocene.
The evidence suggesting a drop in sea level for this part of the Lucayan 
Formation is as follows:
1. As noted in cores Q l, Q2, and Q3, slightly deeper water (perhaps 
subtidal) deposits (mudstone-wackestone) overlain by shallow water
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deposits (laminated nonskeletal grainstone) with keystone vugs which 
form in the surf zone and are present in the beach lithofacies.
2. In cores Q l and Q3, the stratigraphic sequence of fine grained subtidal 
lithofacies (mudstone-wackestone) overlain by coarse grained beach 
lithofacies (laminated nonskeletal grainstone).
3. The subaerially exposed horizon at four m eters below MSL in core Q l.
4. The change in deposition from packstone-grainstone lithofacies (subtidal)
to the overlying grainstone beach deposits in cores Q l, Q3, GC2, TW and 
WC2 indicate deposition in progressively shallower water.
5. The change in cement types from predominantly marine (equant granular,
equant blocky and drusy) to predominantly freshwater (whisker and 
meniscus) cements (indicative of subaerial exposure) at approximately 
four meters below MSL in cores Q l, GC2, TEE, WC1 and CR.
The grainstone lithofacies in cores GC1, GC2, DR, WC1, and WC2 probably 
represent beach deposits because keystone vugs occur in each of these lithofacies and the 
crossbedding of the beach lithofacies is below the typical 30° inclination of the eolian 
dune lithofacies recognized in core Q3. Also, cementation in the upper intervals of cores 
GC2, GC1, WC1, WC2 and CR reflect the fluctuating conditions between vadose zone
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cementation (meniscus cement), phreatic zone cementation (equant granular and equant 
blocky) and super-saturated cementation (drusy) in either the phreatic or vadose zone.
The grainstone (beach) lithofacies are overlain by a final sequence of packstone- 
grainstone and then Mudstone-Wackestone Lithofacies in the western cores (Q l, Q2, 
and Q3). This increase in mud deposition might represent the buildup of grainstone 
lithofacies in cores to the east (GC1, GC2, DR, WC1, and WC2) to form a barrier.
These grainstone deposits, which might have provided a protective barrier for muds to 
deposit in their lee, are dominated by very shallow water environments, perhaps beach 
environments. The predominate grain types are oolitic grains and peloids. Similar grain 
types are found in modern Great Abaco Island beach deposits along with skeletal grains 
(Darby, 1968).
Previous studies indicate that Little Bahama Bank has been slowly subsiding 
continuously throughout the Cenozoic at a rate of Tmm/Kfyrs (Pierson, 1982). The 
entire Lucayan sequence represented by these cores on Great Abaco Island represents 
very shallow, nearshore and beach deposits. Thus deposition in this area kept pace with 
relative sea level rise due to subsidence. The depositional setting represented by these 
Lucayan sediments is similar to the modem situation described by Darby (1968) and 
Locker (1980) in their studies of the Recent sediments of Great Abaco Island’s 
windward lagoon. They found predominately carbonate muds of the windward lagoon 
juxtaposed to grainstone deposits of the tidal inlets between lithified islands (cays) and 
beach deposits of these cays. The dominance of skeletal grains over peloids and ooids in 
the Recent to Holocene sediments is the primary difference with the Lucayan Formation 
grainstones. Still, the rapid lateral changes from muds to sands in a very shallow water 
setting is a common feature of the Recent and Pleistocene deposits along the windward
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margin of the Bahamas carbonate platform in this and other areas (Ginsburg and James, 
1974; Ginsburg and Hardie, 1975).
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CHAPTER 4: IMPLICATIONS FOR SEA LEVEL CHANGES
4.0 Introduction
Past studies have established the occurrence of sea level changes and their effects 
on sediment deposition (Shackleton and Opdyke, 1973; Bloom et al., 1974; Vail and 
Mitchum, 1977; Vail et al., 1977; Vail and Mitchum, 1979; Harmon et al., 1983). Relative 
sea level changes may result from many causes; tectonic or climatic (Fairbridge, 1961; Vail 
et al., 1977). However, studies indicate that multiple relative sea level changes during the 
Pliocene-Pleistocene were in response to the growth and melting of large ice sheets 
(Shackleton and Opdyke, 1973; Bloom et al., 1974). Since the Pliocene, four episodes of sea 
level fluctuation have been documented during deposition of the Lucayan Limestone on 
Little Bahama Bank by Williams (1985). Williams (1985) studied the sea level history of 
Little Bahama Bank and developed a sea level curve for Little Bahama Bank based on Vail 
and Mitchum (1979) (Figure 9). Since 15 sea level fluctuations were documented by Beach 
(1982) during deposition of the Lucayan Limestone on northwestern Great Bahama Bank, 
Williams concluded that on Little Bahama Bank a less complete geologic record was 
preserved. Due to the incompleteness of the geologic record for the Lucayan Formation 
studied by Williams (1985) the sea level curve is preliminary and additional studies may lead 
to refinement of the curve. The incompleteness of the geologic record studied by Williams 
(1985) was attributed to erosion of transgressional sediments during subsequent regressions. 
Williams’ (1985) study indicated that due to differences in subsidence in the Little Bahama 
Bank, Great Bahama Bank and Southeastern Bahamas, the thickness of deposits of the
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Figure 9. Sea level fluctuations during the Pliocene-Pleistocene on Little Bahama Bank 
(after Williams, 1985). Symbols I, II, III, IV denote depositional units delineated by 
Williams (1985). Unit I was assigned to the Lucayan Formation and Units II, III, and IV 
were assigned to an un-named pre-Lucayan unit.
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Lucayan Formation in Little Bahama Bank was approximately half the thickness 
documented in G reat Bahama Bank (Beach and Ginsburg, 1980; Beach, 1982) and 
Southeastern Bahamas (Pierson, 1982). In Little Bahama Bank, the Lucayan was 
approximately 20 m eters thick (Williams, 1985) while in Northwestern Great Bahama Bank 
it is 40 m eters thick (Beach and Ginsburg, 1980; Beach, 1982).
Sea level fluctuations varied in amplitude and frequency during the 
glacial-interglacial cycles of the Pleistocene. The amplitude on G reat Bahama Bank has 
been estimated to range from +5 meters to -100 m eters relative to present sea level during 
the Pleistocene (Beach, 1982). On Little Bahama Bank, Williams could not estimate the 
magnitude of sea level change due to the incomplete geologic record and a lack of specific 
dates for each lithofacies. The frequency has consistently varied. It is thought that since 
the beginning of the Pleistocene the frequency increased from that of the Pliocene 
(Berggren and Van Couvering, 1974). The increased frequency is also suggested by 
observations of the subsurface units of the Pleistocene aged Lucayan Limestone in which 
subaerially exposed horizons succeedingly increase in num ber in the upper intervals of the 
formation (Williams, 1985; Pierson, 1982; Beach, 1982, Beach and Ginsburg, 1980). These 
intervals were recognized within core intervals of cores obtained from interior portions of 
Great Bahama Bank (Beach and Ginsburg, 1980; Beach, 1982). Subaerial exposure horizons 
are not well preserved in high energy environments such as the cores from G reat Abaco 
Island described in this study as well as the cores from W alker’s Cay and Sal Cay studied 
by Williams (1985).
Not only has the frequency increased but it has been suggested that the magnitude 
of each sea level rise or fall has decreased (Moerner, 1971; Shackleton and Opdyke, 1973; 
and Mathews, 1973). This change in frequency and magnitude suggests that sea level
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changes are more complex than the simple uninterrupted rises and falls originally suggested 
for interglacial-glacial cycles (Imbrie and Imbrie, 1979). The complexity of sea level 
fluctuations are further discussed by Goldhammer, et al., (1990) who suggests that numerous 
geodynamic variables (i.e., eustasy, subsidence, and sedimentation rate) combine in such 
a way as to result in composite eustasy or superimposition of sea level fluctuations of 
difference frequencies and amplitudes on a stratigraphic sequence.
The incompleteness of the geologic record limits resolution of the sea level record 
for a specific geographic location. In carbonate environments, each fall in sea level may 
expose previously submerged sediments to atmospheric conditions that may initiate 
physicochemical processes such as the formation of subaerial exposure horizons. 
Transgressions may flood carbonate platforms and create conditions appropriate for 
maximum carbonate production and progradation of carbonate facies across the platform 
(Eberli and Ginsburg, 1989). In the Key Largo Limestone, of Southern Florida (Table 1.0), 
laminated crusts formed during subaerial exposure. These record several small-scale sea 
level fluctuations because subaerial exposure requires only a small drop in sea level (Multer 
and Hoffmeister, 1968). Thus, on Grand Bahama Bank and elsewhere in the Bahamas, 
subaerial exposure horizons record the frequency of sea level fluctuations.
4.1 Implications for Sea Level Changes During 
Deposition of the Upper Lucavan Limestone
Subaerial exposure horizons are reported to be a predom inant characteristic of the 
Lucayan Limestone on northwestern Great Bahama Bank (Beach and Ginsburg, 1980; 
Beach, 1982). These horizons imply that sea level fluctuated during deposition of the unit 
because they record multiple exposures of the sediments to subaerial conditions which 
creates a well-cemented, altered, irregular surface or hardground (Beach and Ginsburg,
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1980; Beach, 1982; Pierson, 1982; and Williams, 1985). Such subaerial exposures are 
indicated by an altered hardground. Usually, hardgrounds are associated with other features 
(Table 4.0). The increased frequency of occurrence of subaerial exposure horizons in the 
upper intervals of the Lucayan throughout most of the Bahamas suggests an increased 
frequency of sea level fluctuations during the late Pleistocene (Beach and Ginsburg, 1980; 
Beach, 1982; Pierson, 1982; Williams, 1985). A t least 15 cycles of sea level fluctuations were 
documented by Beach (1982) on Great Bahama Bank. These cores were from the interior 
of Great Bahama Bank where there is greater potential for preservation of a more complete 
geologic record than might be preserved in high eneiy settings such as the windward margins 
of the Bahamas. The carbonate sediments represent times of shallow submergence and 
subaerial exposure horizons or hardgrounds represent a period of emergence. Thus, a 
sequence of carbonate sediments capped by a hardground might represent a complete 
transgressive-regressive sea level cycle (Beach, 1982). The frequency of subaerial events 
documented by Beach (1982) is much greater than that documented by Vail and Mitchum 
(1979) and by Williams (1985). This difference in documented frequency can be attributed 
to the completeness of the cores analyzed by each study.
As defined by Beach and Ginsburg (1980) on G reat Bahama Bank, the lower 
stratigraphic boundary of the Lucayan Limestone (which does not include coral and coralline 
algal limestone on the bank margin) is associated with several events, all of which may be 
related in some way to a sea level change. First, as noted from the Great Bahama Bank 
cores, there is a sharp change in lithology from skeletal pre-Lucayan deposits to 
predominantly non-skeletal Lucayan deposits at which the lower boundary of the Lucayan 
Limestone is marked at 40 meters depth MSL on Great Bahama Bank and 20 meters depth 
MSL on Little Bahama Bank (Beach and Ginsburg, 1980). Magnetostratagraphic data 
indicates the timing of this change to be approximately 2.5 to 2.6 millions years ago
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(McNeill, e t al., 1988). The underlying pre-Lucayan Limestone unit is characterized by 
predominantly skeletal sediments and there is a rapid change to the nonskeletal sediments 
of the Lucayan Limestone. The rapid change from skeletal to nonskeletal sediments implies 
an event which could affect the entire platform. This same lithologic change from skeletal 
deposits to nonskeletal deposits was also noted on Little Bahama Bank by Williams (1985) 
which further supports a platform-wide event. This might have been due to deeper 
submergence of the entire platform prior to Lucayan deposition (Beach and Ginsburg, 
1980). Second, at approximately 35 m eters depth below MSL the coral Stvlophora affinis 
disappears throughout the Bahamas (Beach and Ginsburg, 1980; and Beach, 1982). Williams 
(1985) noted the disappearance of the coral at approximately 20 m eters depth on Little 
Bahama Bank. This disappearance is probably related to eustatic sea level changes and 
worldwide cooling due to glaciation of the northern hemisphere (Frost, 1977; Beach and 
Ginsburg, 1980; Beach, 1982; Williams, 1985). Based on the disappearance of Stvlophora 
affinis. it has been suggested that glaciation occurred in the Late Pliocene (Beach and 
Ginsburg, 1980; Beach, 1982). A study by McNeill et al., (1988) which established the 
magnetostratigraphic framework for the Lucayan Formation indicates this boundary 
correlates to the upper part of the Gauss normal chron.
The particular sequence of deposition of the Lucayan Limestone on Great Bahama 
Bank is of special interest because it may be most similar to that of the present study, at 
least in its upper most part. Also, this is the same sequence recognized by Williams (1985) 
on Little Bahama Bank. On the northwestern part of the Great Bahama Bank, the 
depositional sequence is one of a deep platform with good water circulation and marginal 
reefs separated by skeletal packstone deposition on the interior platform during the early 
Pliocene (Beach, 1982). From the late Pliocene to early Pleistocene, a shallower platform 
developed and circulation was slightly restricted. Reef-like masses continued to rim the
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bank margins and were overlain on the windward margins by thick eolianites o f nonskeletal 
sands by the early Pleistocene. In the interior, mixed skeletal and nonskeletal sediments 
were deposited. During the late Pleistocene, conditions were moderately restricted and 
water circulation was reduced. Sediments predominantly consisted of nonskeletal packstone 
and grainstone. The windward margins predominantly consisted of eolianites and the 
leeward margin received almost no sediments until the latest Pleistocene when oolitic sands 
accumulated as eolianites (Beach, 1982).
The Lucayan Limestone from G reat Abaco Island is characterized by a pattern of 
deposition similar to that described above for northwestern Great Bahama Bank (Figure 8). 
The sequence begins with a lagoonal bioturbated mudstone-wackestone deposited during 
shallow submergence of the platform. This unit is overlain by a moderately burrowed 
packstone-grainstone unit deposited in very shallow water. The packstone-grainstone is 
overlain by a laminated nonskeletal grainstone or a crossbedded nonskeletal grainstone 
interpreted to be beach and eolian deposits, respectively. The laminated nonskeletal 
grainstone is associated with a molluscan lag deposit, a subaerial exposure horizon, a change 
from predominantly marine to predominantly freshwater cements, and keystone vugs. These 
sedimentary features indicate that the unit was deposited in the beach environment at or 
very close to sea level and later exposed to subaerial conditions. This laminated grainstone 
unit extends across the lagoon and overlies the intertidal packstone-grainstone unit. This 
facies change indicates a response in sedimentation to a lowering of sea level after 
deposition of the lagoonal packstone-grainstone unit. Beach deposits form within meters 
of mean sea level. The laminated nonskeletal grainstone continued to accumulate at a rate 
which allowed it to remain within the intertidal zone. As sea level later rose, the grainstone 
unit then formed a barrier to stronger ocean waves and currents to the east. This barrier 
resulted in the formation of a lagoon and deposition of fine grained units (packstone-
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grainstones and mudstone-wackestones) at the site of cores Q l, Q2, and Q3. In the upper 
core interval of cores Q1-Q2-Q3 and GC2-GC1, the sedimentary relationship of grainstone 
beach deposits acting as a barrier with deposition of fine grained sediments in the lee of the 
barrier is similar to  the pattern observed in Holocene sediments for the same area by Darby 
(1968) and Locker (1980).
Thus, the uppermost portion of a sea level curve is represented in the sedimentary 
pattern observed in the transect of the Lucayan from G reat Abaco Island. The stratigraphic 
sequence likewise suggests that the packstone-grainstone unit which occurs from 4 to 10 
m eters depth MSL in cores Q l, Q2 and Q3 was deposited during a period of submergence. 
The packstone-grainstone is overlain by a beach deposit, the laminated nonskeletal 
grainstone lithofacies, which was deposited over most of the windward margin (cores GC2, 
GC1, WC1, WC2 and CR) as sea level dropped (Figure 8). Exposure of the windward 
margin of the Little Bahama Bank near the location of the study area allowed for the 
buildup of the grainstone units into eolian dunes which might have been lithifled subaerially. 
When sea level began to rise, these grainstone deposits acted as a barrier and this allowed 
for the deposition of fine-grained sediments to its lee.
Vail and Mitchum (1979) have documented three sea level fluctuations during the 
Pleistocene. Beach (1982) has documented 15 sea level fluctuations on G reat Bahama Bank 
during the Pliocene-Pleistocene based on the assumption that subsidence was constant and 
that cycles were in response to glacio-eustatic sea level changes. Williams (1985) has 
documented four sea level fluctuations on Little Bahama Bank. The number of sea level 
fluctuations documented is dependent on the completeness and degree of preservation of 
the geologic record. Preservation of the sea level record in the Bahamas appears to be 
influenced by the energy of the depositional environment used to decipher the record (i.e., 
core location) as well as diagenetic processes. Cores from the leeward and interior parts
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of the platform are m ore complete than those from the windward margin (Beach, 1982; 
Williams, 1985). Also, Williams (1985) noted that the difference in subsidence and 
sedimentation rate between Little Bahama Bank and G reat Bahama Bank where the rate 
for Little Bahama Bank is approximately half that of G reat Bahama Bank affects the 
completeness of the geologic record. Williams (1985) concluded that due to the difference 
in subsidence and sedimentation that thinner deposits on Little Bahama Bank would exhibit 
m ore missing sections due to erosion. Williams observed that cores from the Little Bahama 
Bank are less complete than those from the interior of the Great Bahama Bank. Thus, 
fewer units capped by subaerial exposure horizons are seen on Little Bahama Bank. This 
was true for the cores from the windward margin of G reat Abaco Island. However, the 
sedimentary sequence observed on Great Abaco Island may represent a minimum of one 
transgressive/regressive event. This event is represented by the stratigraphic sequence seen 
in cores Q l, Q2 and Q3. Starting at the base of the sequence, the transgressive sequence 
of fine-grained mudstone-wackestone and packstone-grainstone is overlain by coarse-grained 
beach deposits capped by a subaerial exposure horizon and molluscan lag deposit. 
Continuing up the sequence the transgressive sequence is represented by fine-grained 
mudstone-wackestone units overlying coarse grained beach deposits. The build up and 
cementation of grainstone units in the eastern part of the transect formed a barrier which 
allowed deposition of mudstone-wackestone west of the barrier. Thus, in the cores from the 
eastern portion of the study area, the full transgressive-regressive event is not repeated in 
the G reat Abaco Island cores. Based on Beach and Ginsburg’s (1980) work, a study of cores 
from the leeward (western) margin of Great Abaco Island may reveal a more complete 
record similar to that described from Great Bahama Bank that documents a history of sea 
level fluctuations similar to that documented on Great Bahama Bank.




Sedimentologic/petrologic analysis of 11 shallow subsurface cores from the windward 
lagoon of Great Abaco Island documents observations that allow the following conclusions 
to be made:
1. Five lithofacies are delineated within the upper 19 m eters of consolidated 
carbonates from the windward margin of northeastern Great Abaco Island.
2. G reat Abaco Island carbonates can be correlated in a general sense with the 
upper 19 meters of the Lucayan Limestone on the windward margin of 
Great Bahama Bank but not to each lithofacies. This is due to the less 
complete geologic record recorded in the depositional sequence of Great 
Abaco Island’s windward margin. Specifically, the G reat Abaco Island 
sequence most closely correlates with the eolian deposits of core U1 from 
the G reat Bahama Bank transect of Beach and Ginsburg (1980).
3. The upper part of the Lucayan Limestone on Great Abaco Island records 
the uppermost part of a transgressive-regressive cycle consisting of lagoonal 
mudstones, overlain by shallow water packstone-grainstone, overlain by beach 
grainstones.
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The lagoonal micrite represents deposition during a relatively high sea level. 
The coarse grainstone was deposited after a  slight drop in sea level. The 
uppermost lagoonal fine grained deposits in the western part of the transect 
were deposited during a rise of sea level after the beach grainstone deposits 
to the east built up to  form a barrier thus creating a protected windward 
lagoon. This is similar to the modem day environmental setting documented 
by Darby (1968) and Locker (1980).
4. Sea level fluctuations have created subaerial conditions in the Lucayan 
Limestone of G reat Abaco Island as evidence by:
a. the presence of freshwater, vadose, and phreatic cements;
b. the occurrence of beach units with keystone vugs overlying 
shallow water sediments;
c. the sequence of sedimentary units observed across the Great 
Abaco Island windward lagoon; and
d. the presence of a subaerial exposure horizon in core Q l.
5. A  comparison of lower and upper core intervals of cores Q l, Q2, and Q3 of 
the Mudstone-Wackestone Lithofacies indicates that diagenetic alteration of 
the lower core intervals was not sufficiently intensive to preclude the 
interpretation of the depositional environment.
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6. O ne subaerial exposure horizon was recognized within the study area. This 
is far fewer than the number recognized on Northwestern G reat Bahama 
Bank and is probably due to  erosion or poor core recovery.
7. The interrelationship among the depositional lithofacies was similar to the 
present-day setting documented by Darby (1968) and Locker (1980) with a 
windward lagoon separating the main island from the cays to the east.
8. The sedimentary patterns observed on G reat Abaco Island and Northwestern 
G reat Bahama Bank in the Lucayan Limestone indicate that sedimentation 
has been affected by the rate  of sea level rise or fall and Lhe depth of 
flooding of the bank.
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LOCATION: A baco Island, B aham as: Q uarry H ols 1 BOREHOLE: Q l I P e a s  1 of 2
ELEVATION: +1 m ete rs  MSL DATE COLLECTED: Summ er, 1966
INSPECTOR: M. Mullen COLLECTED BY: H. J .  W em er
DATE ANALYZED: C ora: 7/86; Thin S ection: 2/87
Cora Core Description Thin Section Thin Section Description







70.0 MS/WS White, fossiliferous. pelletai, mudstone- 
packstone, well cem ented, contains 
gastropods, molluscs, burrows abundan t
Subaerial Exposure Horizon a t 3.9 meters(MSL)
Q1-2B
m eters
+0.3 M udstone-Wackestone. 1% skeletal grains, 
of green  a lgae (Halimeda) and foram s 
(Milididae). Nonskeletal grains 
>50%  of micritic m ud a nd  peloids.
Som e iron staining, very mottled, very 
bioturbated. Porosity is interparticle 





90.0 PS/GS White, fossiliferous, pelle tai coarse  
packstone-grainstone, well cem ented. Base 
of section bound by molluscan lag and 
well cem ented crinkly laminae of a  
subaerial exposure horizon and then a  zone 
of no recovery of 0.61 m eters. Small 
c roesbeds in 50% of unit
Molluscan Lag
Q1-16 -3.9 Packstone-Grainstone. 50% nonskeletal 
grains of ooids. peloids. agg regate  grains 
of molluscs (unoriented) with pellets, and 
lithodasts. >50%  skeletal grains of 
green a lgae (Halimeda), foram s (Penero- 
plidae and Miliolidae) an d  pelecypod 
fragments. Umbrella structures noted. 
Porosity is interparticle. Cem ent is 
equan t blocky. whisker and  meniscus. 
Grain size 0.25 - 0.5 microns.
5.2 to 
9.8
100.0 GS White, fossiliferous. laminated, pelletai, 
grainstone. Thin laminae (1-2 mm) of fine 
grainstone-packstone. Followed by sharp 
contact with z one  of no recovery of 
0.6 m. Small crossbetls in 50% of unit 
Bed thickness 1 - 1 0  cm.
4 •
Q1-21 -5.5 Grainstone. 80% nonskeletal grains of 
micritized ooids. peloids. aggregate  
grains and lithodasts. 20% skeletal 
grains of red and g reen  a lgae  (Halimeda), 
discoid forams (Milididae). and pelecypods 
fragments. Som e iron staining. Porosity 
is interparticle. Cem ent equant granular. 
Grains 0.25 to 1 mm.
Q1-28 -7.6 Grainstone, 60% nonskeletal grains of 
micritized o d d s  and  peloids, and  
lithodasts. 40% skeletal grains d  red 
g reen  a lgae (Halimeda), foram s (Pene- 
roplidae and  Milididae) an d  pelecypods. 
Porosity is interparticle a nd  intra­
particle. Cem ent is equan t granular. 
Grains 0.5 to  1 mm.
Q1-31 -8.5 Grainstone with 60% nonskeletal 
grains d  micritic mud. and  peloids. 40% 
skeletal grains of green  a lgae  (Halimeda), 
and forams. Som e iron staining. Vuggy 
porosity. Cem ent is e quan t granular 
and blocky. Equant blocky fills voids 
up to 1.5 mm in diameter.
10.3to
11.3
100.0 GS Sam e a s  above. Followed by sharp  contact 
zone of no recovery of 0.6 m.
Q1-37 -10.4 Grainstone with 80% nonskeletal grains 
of peloids. 20% skeletal grains d  
red  algae, foram s (Peneroplidae and 
Milididae). Som e iron staining along 
laminae. Porosity is interparticle. 
Cem ent is equant granular and blocky. 
Grains 0.15 - 0.50 microns.
Note W S=w ackestone: M S=mudstone; PS=packstone; G S=grainstone; RS=Rudstone. Names 
com bined for units of borderline textures (i.e. MS/WS).
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LOCATION: A baco Island, B aham as; Q uarry Hole 1 BOREHOLE: Q1 I P a g e 2 o f 2
ELEVATION: +1 m stareM SL DATE COLLECTED: Summer, 1966
INSPECTOR: M. Mullen COLLECTED BY: H. J .  W arner
DATE ANALYZED: Core: 7/86; Thin Section: 2/87
Core Core Description Thin Section Thin Section Description






70.0 PS/GS White, foesiliferous, mottled, pelletal, 
packstone-grainstone. contains moUuscs. 
Beds 1 - 1 0  cm  thick. Small crossbeds in 




14 Packstone-Grainstone, 70% nonskeietal 
grains of ooids, peloids, aggregate grains, 
and  iithodasts. 30% skeletal grains 
of red  and  green a lgae, fotam s (Pene- 
roplidae and Miliolidae) and  Molluscs. 
Interparticle and vuggy porosity.
Drusy cem ent forms rim along 
particles, equant granular cem ent 
adjoins drusy cem en t blocky cem ent 
fills in center of void space.
Grain size 0.25 - 0.50 microns.
14.3
18.6
50.0 MS/WS White, foesiliferous, mudstone, vuggy 
porosity, molluscs replaced by cem ent
4
Q1-58 16.8 Mudstone-Wackestone, 90% nonskeietal 
grains of michtic m ud and micritized 
peloids. Trace of fotam s. Vuggy poro­
sity. Drusy rim c em en t equant granular 
cem ent and blocky cem ent within vugs.
A discolored “rind" separates drusy cem ent 
from equant and blocky cem ents.
Note W S=wackestone; M S=m udstone: PS=packstone; GS=grainstone: RS=Rudstone. Names 
com bined for units of borderline textures (i.e. MS/WS).
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ELEVATION: 4-1 m eta fs  MSL DATE COLLECTED: Sum m er, 1966
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20.0 MS/WS White, nonskeietal, pelletal. well- 
cem ented, m udstone-wackestone, contains 




10.0 PS/GS White, foesiliferous, pelletal. coarse  
packstone-grainstone. well cem ented. Small, 
high-angle c rossbeds, b ed s  1 to  10 cm 
thick. Few burrows p re sen t 
Base of section bound by 
a  zone of no recovery 1.7 m eters th ick .
10.2
14.2
10.0 PS/GS White, fossiliferous, pelletal. coarse 
packstone-grainstone. well cem ented. Small, 
high-angle crossbeds, b ed s  1 to 10 cm 
thick. Few burrows p resen t
Q2-48 13.7 Packstone-Grainstone. 60% nonskeietal 
grains, micritic mud.
40% skeletal grains of red  algae.
Vuggy porosity. Equant granular cem ent 
betw een panicles and blocky cem ent in 




50.0 MS/WS White, fossiliferous. pelletal. mudstone- 




20.0 GS White, fossiliferous, pelletal. well 
cem ented, grainstone, contains forams. 
Thin laminae (mm) of fine fine grainstone- 







Molluscan layer, well cem ented, matrix 
com posed of very well cem ented grainstone.
*RS m arked a s  ML w here it occurs a s  a  
lag.
Note
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Depth % R ec. Unit































White, foesiliferous. pelletal. mudstone- 
w ackestone, well cem ented, contains 
ga stropods, molluscs, abundant burrows
White to  buff, fossiliferous, mottled, 
pelletal, packstone-grainstone, contains 
forams, few burrows, som e crossbeds.
White, fossiliferous, pelletal, mudstone- 
wackestone, well cem ented, contains 
gastropods, molluscs, abundant burrows
White,'fossiliferous, pelletal, mottled, 
c rossbedded, packstone-grainstone. Very 
well cem ented, vuggy porosity, contains 
forams, and molluscs. Iron staining 
throughout un it Som e crossbeds not 
disturbed by minor burrowing.
Molluscan Layer, very well cem ented, matrix 
of grainstone.
High-angle crossbeds, white, pelletal, 
grainstone
White to  buff, fossiliferous, mottled, 
pelletal, packstone-grainstone, contains 





Packstone-Grainstone. 80% nonskeietal grains 
of peloids. ‘20% skeletal grains of red  and 
g reen  a lgae, foram s (Miliolidae and 
Peneroplidae). Interparticle porosity.
Equant granular cem en t between particles 
and  equant blocky in voids. Grains 0.25 - 
0.5 mm in diam eter.
PS-GS, 60% nonskeietal grains 
of peloids. '40% skeletal grains of red and 
green algae, fo tam s (Miliolidae and 
Peneroplidae). Interparticle equant granular 
cem ent along particle ed g e  followed by equant 
blocky cem ent in void center. Grains 0.25 - 
0.5 mm in diam eter.
Packstone-Grainstone, 70% nonskeietal 
grains of peloids and  aggregate  grains. 
30% skeletal g rains of red  and green 
a lgae  and foram s (Miliolidae and 
Peneroplidae). Interparticle porosity. 
Equant granular interparticle cem ent along 
particle e d g e s  followed by equant blocky 
cem ents in void center.
Notes:
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LOCATION: A baco  Island, B aham as, G od C ourse  1 BOREHOLE: QC1 | P a g e l  of 1
ELEVATION: +  3  m ete rs  MSL DATE COLLECTED: Summer, 1966
INSPECTOR: M. Mullen COLLECTED BY: R J .  W arner
DATE ANALYZ C ore: 7/86; Thin Section: 2/87
C ora Core Description Thin Section Thin Section Description
Depth % R ec. Unit No. Depth
meters meters
+3to 100.0 GS White, foesiliferous, pelletal. grainstone; GC1-0 + 3 Grainstone, 15% skeletal grains,
-2.4 very well cem ented, alternating coarse  and of green and red algae, and  foram s
fine horizontal laminae, contains ooids. (Peneroplidae and  Miliolidae).
pellets, molluscs (fragmented), som e Nonskeietal grains of ooids, peloids.
grapestonea, vuggy porosity and  lithodasts (black). Laminated
alternating from well sorted  coarse
laminae to  finer laminae. Interparticle
2.4- 50.0 RS Molluscan layer porosity. Equant granular and  blocky
ZS cem ents. Equant granular is first ep isode
of cementation and  cen ter of voids later
ZS- 50.0 GS S am e a s  above episode of cem entation with blocky c em en t
3.9 Grains 0.25mm alternate with 1 to  1.5mm
in alternating laminae.
3.9 25.0 RS Molluscan layer
GC1-3 2.1 Grainstone, 15% skeletal grains.
of green and red algae, and  foram s
4.5 25.0 GS Sam e a s  above (Peneroplidae). Nonskeietal grains of
ooids and peloids. Laminated with
iron-staining along laminae. Som e
mottling. Interparticle porosity.
Equant granular cem en t
Grainsize average 0.1 mm with so m e  0.5 mm
grains (predominantly lithodasts).
GC1-5 1.5 Grainstone, 15% skeletal grains,
of green and red algae, and  foram s
(Peneroplidae and Miliolidae).
Nonskeietal grains of ooids, peloids.
and lithodasts (black). Laminated
with laminae of well sorted medium grains
of peloids, and ooids alternate with
laminae of poorly sorted peloids and
aggregate  grains. Som e iron-staining
along laminae. Interparticle porosity.
Equant granular c em en t Epitaxial
overgrowths on  echinoderm  fragments.
Blocky cem ent fills inner void space .
Meniscus cem ent present between som e
grains.
Note
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LOCATION: A baco W and , B aham as, Ooif C ourse  2 BOREHOLE: QC2 I P a p e  1 o f  1
ELEVATION: +  2  m etara  MSL DATE COLLECTED: Sum m er, 1966
INSPECTOR: M. Mullen COLLECTED BY: a  J .  W arner
DATE ANALYZED: C ora: 7/86; Thin Section: 2/87
Cora Core Description Thin Section Thin Section Description
Doplh % R ec. Unit No. Depth












White, foesiliferous, pelletal, grainstone; 
very well cem ented, alternating coarse  and 
fine horizontal laminae, contains ooids, 
pellets, molluscs (fragmented), som e 
grapestonea. vuggy porosity. ML a t b a se  of unit
Molluscan lag layer.
White, foesiliferous, packstone-grainstone, 
contains gastropods, and molluscs, well 
cem ented.
GC2-0 +1.4 Grainstone, 15% skeletal grains, 
of g reen  and  red a lgae, and forams. 
Nonskefetei grains of ooids, peloids. 
and lithodasts (black). Laminated 
alternating from well sorted coarse 
lam inae to  finer laminae. Interparticie 
poroeity. Equant granular and  meniscus 
cem ents. Meniscus cem ent occurs between 
grains and equant granular fills void 
sp ace  between particles. Grains 
of fine lam inae a re  0.25 mm and 
grains of coarse  laminae a re  1.0 mm.
Equant cem ents occur a s  rim cem ent over 
m eniscus cem ent occasionally.
4.1
4.5
50.0 GS White, fossiliferous. pelletal, grainstone; 
very well cem ented, alternating coarse  and 
fine horizontal laminae, contains ooids. 
pellets, molluscs (fragmented), som e 




RS Molluscan lag layer.
4.6
5.7
50.0 PS/GS White, fossiliferous. pac|tstone-grainstone. 
contains gastropods, and molluscs, well 
cem ented.
GC2-24 5.3 PS-GS. 15% skeletal grains, 
of green  and  red algae, fotam s (Miliolidae. 
and  Penropiidae) and molluscs. 
Nonskeietal grains of ooids, peloids, 
lithodasts (black) and som e aggregate 
grains (up to  1.5 mm diameter). 
Interparticie porosity. Equant granular 
and blocky cem ents. Grain size 
ranges from 0.15 to 1.5 mm (aggregate 
grains).
Note *BGS is depth below ground surface from top  of core.
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0.0 Oolitic soft rock. No Recovery
4.11
8.7
50.0 PS/GS White to  buff, mottled, pelletal, packstone- 
/grainstone. Contains gastropods and 
molluscs.
TW-0 4.1 Packstone/Grainstone, 1% skeletal grains 
of g reen  a lgae  (Haiimeda) and  forams. 
90% nonskeietal grains of micrite and 
peloids. Som e iron staining. Vuggy 
porosity. Equant granular cem en t
8.7
9.6
25.0 GS White to  buff, fossiliferous, pelletal 
grainstone. contains molluscs and 
gastropods. Horizontal laminations of 
1 to  10 cm  thick.
9.6
10.2
25.0 PS/GS White to  buff, mottled, pelletal, packstone- 
/grainstone. Contains gastropods and 
molluscs. Vuggy porosity.
i
TW-19 9.9 Packstone/Grainstone. 1% skeletal grains of 
gastropods and  molluscs fragements. Non- 
skeletai grains of peloids and  micrite. Som e 
iron staining, interparticie and vuggy 
porosity. Equant granular c em en t
Notes:
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PS/GS Whits to  buff, mottled, pelletal, packstone- 
/grainstone. Contains gastropods and  
molluscs. Zone o( no recovery a t b a se  of 






Packstone/Grainstone. 15% skeletal g rains 
of g reen  a lgae (Halimeda) an d  m olluscs.
65% nonskeietal g rains of oo ids and  
peloids. Som e iron staining. Vuggy 
porosity. Equant granular, drusy, and  
m eniscus cem ents. Grains 0.30 to  0.20 mm.
Packstone/Grainstone. 15% skeletal grains
of g reen  a lgae  (Halimeda). m olluscs,
and  foram s (Peneroplidae). '85% nonskeietal
g ra in so f ooids and  peloids. S om e iron
staining. Acicular needle-fiber
drusy and  m eniscus cem ents. Grains 0.25 mm.
7.2
10.2
50.0 PS/GS White to buff, mottled, pelletal. packstone- 
/grainstone. Contains gastropods and 
molluscs, and som e black grains.
TEE-10 7.2 Packstone/Grainstone, 20  skeletal grains of 
coral fragments, foram s (Miliolidae) and 
mollusc fragm ents and  g reen  algae.
80% nonskeietal g rains of oo ids and  peloids. 
Interparticie porosity. Equant granular 
cem ent an d  whisker cem en t (.1 mm  long).
4
TEE-13 8.0 Packstone/Grainstone, 15% skeletal grains of 
g reen  a lg ae  and  foram s (Miliolidae). '85% 
nonskeietal grains of ooids. peoloids and 
som e micrite. Som e iron staining. 
Interparticie and  vuggy porosity.
Equant granular and  w hisker cem ents.
Grains 0.15 mm diam eter.
Notes:
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40.0 GS Whits, foesiliferous, pelletal. grainstone 
horizontal laminations, well cem ented, 
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100.0 GS White, mottled, nonskeietal. pelletal. 
grainstone, well cem ented. Horizontally 
lam inated to  low-angle (< 30 degrees) 
crossbeds, contains som e  black grains, 






Grainstone, 10% skeletal grains of 
red  algae, foram s (Peneroplidae and  
Miliolidae). '90% nonskeltal grains of 
peloids and lithodasts. Som e iron 
staining. Interparticie and  vuggy 
porosity. Equant granular cem en t 
Grains 0.25 to  0 .5  mm in djameter.
Grainstone, 40% skeletal grains of g reen
and red  algae, fotam s (Miliolidae, 
Peneroplidae and Homotramidae) and 
bryozoane. 60% nonskeietal grains 
of peloids and lithodasts. Horizontal 
laminations. Interparticie porosity. 
Equant granular cem en t Grains 0.25 to  
0.5  mm in diameter.
-1.5
4.6
100.0 PS/GS White, fossiliferous. peloidal, packstone, 
well cem ented, contains mollusc fragments, 
vuggy porosity.
t
WC1-14 - a s Packstone/Grainstone, 30% skeletal grains 
of red algae, bryozoane, forams (Miliolidae. and 
and  Homotramidae) and  molluscs. 70% 
nonskeietal grains of ooids, peloids. and  
lithodasts. Interparticie porosity.
Equant granular cem en t Grains 0.25 to  
0.50 mm in diameter.
Notes:
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80.0 OS Whits, foesiliferous, peiletaL graim tone; 
vw y w r t  cw fw i l r t .  n to m nrtng  ro n rm  and 
fina horizontal laminae, contains ooids, 
















Whits, foesiliferous, potoidal. peckxtone. 
wall cem ented. contains moUuac fragments, 
and coral fragments, few black lithodasts. 
vuggy porosity.
Whits, fossiliferous, pelletal. grainstone; 
very well cem ente d, alternating coarse  and 
fine horizontal laminae, contains ooids. 
pellets, molluscs (fragmented), som e 
grapestones. vuggy porosity
White, fossittferous/peldidal, packstone. 





Molluscan Layer, with matrix of grainstone. 
Very well cem ented.
Notes:
Grainatons. 20% skeletal grains, 
of green  a n d  ted  a lgae, fotam s 
(Peneroplidae, Miliolidae and  
Homotramidae), bryozoans, and mollusc 
fragm ents. 80% nonskeietal grains of 
peloids, oo ids and  lithodasts (black). 
Horizontal laminations with iron-staining 
parallel to  lam inae. Interparticie and 
vuggy porosity. Equant granular, blocky 
and  m eniscus cem ents. Grain si2e  0.10 to 
0.5 m m  in diam eter.
Pa ckstone/Grainstone. 30% skeletal grains 
of red  a lgae, bryozoans, foram s (Milio­
lidae an d  Peneroplidae) and  molluscs. 
70% nonskeietal grains of ooids, peloids 
and lithodasts. Interparticie and 
vuggy porosity. Equant granular and 
blocky c em en t Grain size 0.25 to 
0.65 m m  in diameter.
Grainstone. 30% skeletal grains, 
of red  a lgae, fotam s (Miliolidae and 
Peneroplidae). and bryozoans. 70% 
nonskeietal grains of peloids and 
lithodasts. Interparticie and  vuggy 
porosity. Equant granular cem en t 
Grain s ize  0.15 to  0.35 mm in diameter.
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60.0 OS Whits, teseilifsrous. pallotal. grainstone; 
vaty wall cem ented, alternating coarse  and  
fine horizontal laminae, contains ooids, 
peiiets, molluscs (fragmented), som e 
grapeetonee, vuggy porosity
CfLO +0.5 Qrainatone. 30% skeletal grains, 
of red a igae, foram s (Miliolidas and 
Psoaroplidae). bryozoans, and  moHueca. 
70% nonikslstal g rains of peloids end
Pit........I - I — a ■ ■■■ ■ II1 m — —-4-------UOTOCUMB. ra e rp m c w  a n a  vuggy 
porosity. Equant granular and  drusy 
cem en t Grains s ize  0.25 to  0.5 mm 
in diamstar.
CR-1 +0.2 Grainstone. 30% skeletal grains, 
of rad a lgae, foram s (Peneroplidae), 
bryozoans, and  molluscs. 70% nonskeietal 
grains of peloids, ooids, and 
lithodasts. Interparticie 
porosity. Equant granular and  drusy 
cem en t Grains s ize  1.0 to  0.35 mm 
in diameter.
4
CR-3 -0.4 Grainstone. 30% skeletal grains, of red 
and green algae, foram s (Miliolidae and  
Peneroplidae). and  bryozoans. 70% 
nonskeietal g rains of ooids, peloids and 
lithodasts. Interparticie and  vuggy 
porosity. Equant granular and  drusy 
adcu lar cem en t
26-
4.7
70.0 PS/GS White, fossiliferous. peloidal. packstone. 
well cem ented, contains som e mollusc 
fragments, few black lithodasts. Som e 
thin laminae of grainstone (S ee CR-14 
description to  right)
CR-14 -3.8 Grainstone. 15% skeletal grains, of 
green a lgae, foram s (Miliolidae and 
Peneroplidae), bryozoans, and  molluscs. 
85% nonskeietal grains of ooids, peloids 
and  lithodasts. Interpartide and  vuggy 
porosity. Equant granular and drusy 




80.0 GS White, foesiliferous, pelletal, grainstone; 
very well cem ented, alternating coarse  and  
fine horizontal laminae, contains ooids. 
pellets, molluscs (fragmented), som e 
grapestones.
Notes:
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